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THE SPATIAL DISTRIBUTION OF DESMIDS IN CERTAIN
NORTHERN MINNESOTA LAKES
INTRODUCTION
A literature survey has indicated that there are
considerable gaps in our knowledge concerning the spa-
tial distribution of desmids in lakes. Most of the pre-
vious research in this area has been concerned with the
geographic distribution of these algae (Fritsch 1935), in
which some attempts have been made to relate such distri-
bution to geologic conditions and water chemistry (West
and West 1903, 1906, and 1912; Pearsall 1932; Prescott
1936; Teiling 1916; Nygaard 1949).
However, no single lake has been thoroughly inves-
tigated over an extended period to determine in detail
the spatial distribution of these organisms within it.
Our only certain knowledge is the general observation
that desmids are more abundant in the littoral than in
the limnetic zones. According to Nichols and Ackley
(1932), Stokes (1893), Ralfs (1848), Wolle (1894), and
Prescott (1935), desmids are most abundant in the vi-
cinity of aquatic macrophytes, while Prescott and Scott
(1942) state that the richest desmid floras are found
in cloud-like masses of filamentous algae of many gen-
era (2E1./'211112, Moup;eotia, Oedoonium, and Iyan222)
growing on Isoetes and other associated
aquatics. Prescott (1936) found that plants of the
genus Utricularia always had large populations of
desmids associated with them, and has used this ob-
servation to collect desmid populations in lakes for
taxonomic investigations.
There are threemajor desmid communities; the
terraqueous, in bogs; the benthoplanktonic, associa-
ted with aquatic plants; and the limnoplanktonic, in
open water (Griffiths 1928). Wesenberg-Lund (1905),
West and West (1909), and Griffiths (1928) believed
that the limnoplankters actually evolved from terra-
queous or benthoplanktonic forms. Griffiths (1928)
suggested that this "evolutionary" process could oc-
cur in as little as 4o years in any lake. In con-
trast, Brook (1959) suggested that the differences
were only morphological, and that this "evolutionary"
process could occur annually for certain species. He
further stated that the principal distinction between
limnoplankters and facultative plankters is that the
morphology of facultative plankters does not change
significantly when they occur in the plankton, while
the morphology of limnoplankters is variable. Limno-
plankters capable of changing their morphology when
changing habitats have been documented in the liter-
ature by both Brook (1959, 1960) and Telling (1947),
who demonstrated that many limnoaankters are only
morphological variants of benthoplanktonic taxa.
The morphology of species found in these two environ-
ments is so different that many variants have been
described as separate species.
The source of planktonic desmids has long been
the subject of considerable speculation. As. pointed
out by Fritsch (1931), we shall never arrive at a
full • understanding of the phytoplankton until we
know its origin and its relationship to other algal
communities. He postulated that desmids occur in the
littoral zone or on the bottom during the winter, be-
cause they do not form cysts or spores, but Brook (1959)
suggested that some over-winter in the plankton, and
others in the benthos or terraqueous habitats.
The most complete study with desmids in this re-
spect was undertaken by Duthie (1965), who found that
desmids were present on the sediments first, and later
appeared in the plankton. Duthie found that the sink-
ing rates of desmids corresponds to their ecological
status in the lake (i.e. the benthic taxa sank more
rapidly than planktonic taxa) and that cellular pro-
cesses and mucilage sheaths increased cell bouyancy.
There have been very many studies of desmid tax-
onomy, but few on their distribution or ecology. How-
ever, two observations concerning planktonic diatoms
may be relevant to desmids. Lund (1949) found that
Asterionella is always planktonic, and does not orig-
inate in littoral zones. Another diatom (Melosira 
•
Italica var. subarctica, Lund 1954) sinks to the
sediments during summer stratification and remains
there until resuspended during the autumn circulation
. period. Water circulation is, therefore, crucial for
the survival of this planktonic diatom, and possibly
many desmids as well. Because of the importance of
circulation to certain algae, it might be that the
morphometry of the lake basin is an important factor
contributing to the specific composition and abundance
of phytoplankton. In support of this view, Rawson
(1955) states that morphometry is the dominant factor
In the primary productivity of large lakesp and Round
(1965) that the spatial distribution of phytoplankton
is affected by the shape and size of a lake's basin
and patterns of circulation.
Little is known about which ecological factors
determine the spatial distribution of desmids; although
some authors (West and West 1909; Pearsall 1931) have
studied the occurrence of desmids in lakes of diverse
character, and have attempted to relate their obser-
vations to certain environmental influences, there .is
little experimental evidence in support of their hy-
potheses. Indeed, much remains to be discovered about
the physical and nutritional requirements of these or-
ganisms and their relationships (es. antagonism, para-
sitism, etc.) with other organisms before definitive
conclusions can be reached.
The present study is concerned with the factors
influencing the spatial distribution of desmids in
-certain lakes of the Itasca State Park region (Text
Figure 1) of Northwestern Minnesota (Latitude 47° 10'
N. : Longitude 950 12' W.). The general features of
limnological significance are described by Meyer and
Brook (1969). This study's objectives have been to
study and gain some insight into the following aspects
of desmid distribution:
1. their spatial distribution and the effects of
seasonal environmental changes on such distribution.
2. the relationship between desmid populations
in littoral and limnetic zones, particularly in rela-
tion to the distribution of aquatic macrophytes.
• 3. the origin and fate of desmid populations
from year to year within a lake.
MATERIALS AND METHODS
Collection and Counts of Planktonic Desmids
Samples were collected at one-meter intervals
with a I liter Kemmerer water sampler and preserved
with Lugol's solution. Counts were made with a Uni-
tron Inverted Microscope and ten-milliliter counting
chambers. Because planktonic desmids occur in low
frequencies, the entire bottom surface of the count-
ing chamber was examined.
Text Figure 1: A Map of ti-e Itasca region showing
the locations of the lakes sampled for th is study-
(Modified from Meyer and Brook 1969).
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Quantitative Assessment of Desmids from Aguatic Plants 
When it was first recognized that desmids had their
greatest abundance in association with aquatic macro-
phytes in littoral zones, the problem of standardizing
samples collected from these plants became apparent.
At first, a portion of the aquatic was caught in the
Kemmerer water sampler, the sampler shaken, and a 25 ml.
. sample was taken and treated with Lugol's solution.
This procedure proved to be unsatisfactory, because
morphological differences in the species of aquatics
studied, and the incorporation of unknown portions of
the plants in the sampler, produced considerably dif-
ferent results.
Later, entire plants were brought into the labor-
atory and examined; also, underwater leaves and stems
were scraped and these scrapings were examined. It was
soon found that each species of aquatic macrophyte var-
ied with respect to the desmid population it harbored,
but the problem of sampling still remained.
After much investigation of individual plants, cut-
tings measuring I cma were taken from those portions of
the plants with the most desmids. These cuttings were
placed into 1 ml. of water, diluted, treated with Lugol's
solution, placed in counting chambers, and counted.
Population densities of desmids on different macrophytes
of. the same species from a particular area were usually
very similar (Text Tables 1-4),
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TEXT TABLE 2: Counts of desmids found on Potamo-
geton Robbinsii in North Twin Lake.
The 25 samples are from 1 cm. cut-
tings which were placed in 1 mi.
of water, diluted, sedimented, and
counted,
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Chemical and Physical Measurements
Because oxygen and temperature data give valu-
able information about the circulation patterns in
lakes, measurements of these two parameters were made
routinely in the lakes which were studied in detail
(i.e. Squaw and North Twin).
Oxygen determinations were made by the Winkler
method. The Winkler reagents were added to the sam-
ples in the field, and titrations were done in the
laboratory.
A Y.S.I. thermistor was used to measure tempera-
tures at either 0.5 M. or 1,0 M. intervals depending
upon the depth of the thermocline, and the readings
were recorded to the nearest 0.10C.
DESCRIPTION OF THE LAKES STUDIED
North Twin Lake is located in Clearwater County,
Section 18; T143N; R36W (Text Figures 1 and 2). The
morphometric data are presented in Text Table 5. The
lake is connected to South Twin Lake by a narrow chan-
nel leading through a small bog. Both appear to be
well-protected from the wind; the shorelines ascend
sharply from the margins, and the surrounding terres-
trial vegetation is dense except for a bog northeast
of North Twin Lake.
Even though the longest axis of the lake lies
from the northeast to the southwest, and prevailing
Text Figure 2: Map of,North Twin Lake.
0 limnetic Sampling Sites
• Littoral Sampling Sites
Horizontal Transects
.14 Bog
Forest
Aquatic Macrophytes
Scale in feet
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TEXT TABLE 5: Morphometric dataf North Twin Lake:
Squaw Lake.
*North Twin Squaw
Length: 890 Meters
Width: 330 Meters
Surface Area: 180 Hectares
Maximum Depth: 12 Meters
•1600 Meters
660 Meters
• 645 Hectares
23 Meters
TEXT TABLE A comparison of the number of samples
• taken from aquatic macrophytes, and the
• percentage of desmid taxa identified
• from lakes studied at Itasca.
Lake Sampled Macrophyte
Samples
% * *
North Twin
Squaw
Darling
Budd
Deming
Arco
Josephine
Mary
Elk
Itasca
127
83
1
1
2
2
2
2
2
153.0% 100.0%
100.0 100.0
1.2 83.1
1.2 81.9
2.4 76.5
2.4 58.0
2.4 74.9
6.0 81.9
2.4 76.1
2.4 82.8
* *
This percentage represents the number of aquatic
macrophytes sampled as compared with the 83 sam-
pled from Squaw Lake.
This percentage represents the total number of
desmid species identified from each lake as com-
pared with the 243 species identified from North
Twin and Squaw Lakes.
19
winds are from the southwest the surrounding topogra-
phy prevents southwest winds from greatly influencing
the lake. However, the northeast end of the lake is
open and wind from this direction can more readily
reach and influence the lake's surface.
• As a partFal result of this factor, the southwest
end of the lake has fewer aquatic macrophytes than :the
northeast end, even though many aquatic macrophytes are
found in the well-protected area which connects North
Twin with South Twin Lake (Text Figure 2). (Table 1
in the Appendix lists the aquatic macrophytes identi-
fied from North Twin Lake).
Squaw Lake is located in Clearwater County, Sec-
tion 5; T143N; R36W; (Text Figure 3). The morphometric
data are presented in Text Table 5.
The long axis of this lake is oriented from north
to southy and the lake is slightly longer than wide. It
lies about one-half mile north of North Twin Lake. A
bog lies between the two lakes (Text Figure 1). The
south shore of Squaw Lake merges with this bogy but
elsewhere hillsides rise sharply from the margins. A
further important feature is the small island near the
south end (Text Figure 3).
As in North Twin Lake, the distribution of aquatic
macrophytes appears to be influenced by wind-driven cir-
culation. Macrophytes are most abundant at the south
end of the lake, which is shallow and protected from
20
Text Figure 3: Map of Squaw Lake.
Sites for
P. Robbinsii 
 
 Aquatic
Macrophytes
Area 2
1ye 1
Scale
* 
*. i
t I
0  500 1000 Feet •
Marsh
44 Horizontal
transects
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wind, Table 2 in the Appendix presents the list of
aquatic macrophytes identified in this lake.
The other eight lakes sampled during this study
were not examined in the same detail as North Twin and
Squaw Lakes, but the aquatic macrophytes were identi-
fied, and relevant lists are presented in Tables 3-10
in the Appendix. The other lakes sampled during this
study were as follows: Darling Pond; Budd Lake;
Deming Lake; Arco Lake; Josephine Lake; Mary Lake;
Elk Lake, and Lake Itasca (Text Figure 1).
Patterns of Water Circulation as Indicated hy
22E22E2-Lam and Oxygen Profiles
Annual temperature profiles have indicated that
the protected region in Squaw Lake (Area 2) and North
Twin Lake are protected from wind-driven circulation
(Text Figures 4-7). It can be noted from these temper-
ature profiles that the epilimnion in the open region
(Area 1) •of Squaw Lake reaches a greater depth than it
does in the protected region or than it does in North
Twin Lake. Furthers the.hypolimnion of the more open
region of Squaw does not become oxygen depleted while
both the protected area of Squaw and North Twin Lake do
(Text Figures 8-11). (Tables 1148; Appendix: Temper-
ature and Oxygen readings from North Twin and Squaw Lakes)
.Considering these.profiles of temperature and
oxygen along with the distribution of aquatic macro-
phytes in. the two areas of Squaw Lake as well as in
Text Figure 4: North Twin Lake, Area 2. Depth-time diagram showing changes in the thermal
stratification during 1968. The Isotherms are given at interva Is of 1.0° C.
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Text Figure 5: North Twin Lake, Area 6. Depth-time diagram showing changes in the thermal
stratification during 1968. The Isotherms are given at intervals of 1.0°C.
1
2
3
z 4
18 
6
6 4
Text Figure 6: Squaw Lake, Area 1. Depth-time diagram showing changes in the thermal stratification during
1968. The Isotherms are given at intervals of 1.0°C.
0
1
2
3
4
5
cue)
LU
—8
1-9
10
11
12
15
20
4
3
Text Figure 7: Squaw Lake, Area 2. Depth-time diagram showing changes in the thermal stratification during
1968. The Isotherms are given at intervals of 1.0° C.
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Text Figure 8: North Twin Lake, Area 2. Depth-tim
e diagram- showing changes in Oxygen concentrations
during 1968. The Isopleths are given in p.p.m.
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Text Figure 9: North Twin Lake, Area 6. Depth-time diagram sh
owing changes in Oxygen concentrations
during 1968. The lsopleths are given in p.p.m.
1
2
3
4
5
7
9
Text Figure 10. Squaw Lake, Area 1. Depth-time diagram showing ch
anges in Oxygen concentrations
during 1968. The lsopleths are given in p.p.m.
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Text Figure 11: Squaw Lake, Area 2. Depth-time diagram showing changes in Oxy
gen concentrations
during 1968. The Isopleths are given in p.p.m.
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North Twin Lake, it has been postulated that wind-
driven circulation has a more significant effect on
the open region of Squaw Lake than it does on either
the protected region of Squaw Lake or on North Twin
Lake.
THE DESMID FLORA OF THE ITASCA. LAKES
Distribution in Lakes
243 species and varieties of desmids were identi-
fied from North Twin and Squaw Lakes (Appendix Tables
19 and 20). Not all these same desmid taxa were found
in the other eight lakes sampled, but a high proportion
of the total were found in a small number of samples,
and it is therefore probable that all the taxa are
present in every lake of the Itasca region.
Between 75 and 83% of the species identified
in North Twin and Squaw Lakes were also identified
in the other eight lakes, even though only 1-6% as
many samples were examined from the other lakes
(Text Table 6).
The most frequently occurring desmids within the
ten lakes are presented in Text Table 7. However, it
should be pointed out that these desmids were frequent
only within the limited area which was sampled. It
would be impossible to state that these desmids are
the most frequently occurring species unless a systema-
tic sampling of the entire lake was undertaken.
31
TEXT TABLE The most frequently occurring desmid
taxa in the lakes of the Itasca region.
This Table has been derived from Table
21 in the Appendix and lists only
those taxa which had a frequency of
occurrence greater than 10% in any of
the lakes,
Desmid taxa * Lake **
1 2 3 4
Closterium
parvulum
Cosmarium
angulare 
auulosum
bioculatum
portianum
ainctulatum
subqp_planatum
Staurastrum
tetracerum
Staurodesmus
extensus
0.2 1.4 7.0
• 1.4 0.4
35.6 1.8
3.0 10.6
4.0 0.6
1.0 10.8
1.8 19.0
1.6
0.2 0.2
0.8
1.8
2.4
2.0
2.0
0.4 1.6 20.0
1.6 11.6
1.6 6.0
2.0
6.0
0,8 4.4
4.8 16.4
72.8
1.6
4.0 1.0 18.6
8.8 1.8
7.2 3.0 2.0
2.4 12.0 0.6
3.2 20.2
0.6
1.0
* Identification of taxa made
from samples taken from lit-
toral zones.
41-A- 1
2
3
5
6
North Twin
Squaw
Darling
Budd
Deming
Arco
Josephine•
Nary
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DESMIDS IN LITTORAL HABITATS
As stated in the introduction desmids occur in
greatest abundance in littoral zones as a component
of the metaphyton. This sub-community includes many
species that are neither floating nor attached, but
trapped among the macroscopic algae and the leaves
of mosses and aquatic Phanerogams (Behre 1956). The
metaphyton consists of many species of flagellates,
Chlorococcales, desmids and diatoms (Round 1965).
In all cases the desmid populations were found to be
associated with aquatic plants within dense masses
of filamentous green algae. The position and size
of the underwater leaves and. branches of these plants
contribute significantly to the density of the desmid
population which they can support.
Unfortunately, it is not possible to compare the
surface areas of the plants used for this study, be-
cause the plants undergo rapid morphological change
throughout the growing season. It is possible, however,
to compare the morphologies of mature plants and the
habitats which they thereby provide for desmid popu-
lations (Text Table 8). The plants used for this com-
parison exhibit morphological characteristics that
illustrate the range of differences between species
of aquatic macrophytes and their associated desmid
populations.
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TEXT TABLE 8: A list of the aquatic macrophytes sam-
pled in this study in order to compare
their morphologies (see text) and the
sizes of their associated desmid pop-
ulations.
Aquatic Macrophytes Total number Total number
of destid taxa of desmids *
Brasenia Schreberi 
Eaphaea tuberosa
Euphar var12Fatum
Zizania aquatica
Megalodonta Beckii
MyrioThyllum exalbescens
Ceratophyllum demersum
Potampgeton Robbinsii_
P. amplAfolius
Utricularia zylgaris 
U. intermedia
U. minor
14
19
29
38
75
56
84
19
15
0
19
13
20
46
102
150
260
259
286
88
45
* The figures in this column represent the total
number of desmids encountered in one horizontal
transect of the counting chamber at a magnifi-
cation of 300x. The samples are 1 ml. samples
taken from that part of the plant where desmids
were known to occur in greatest abundance.
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Morphology of the LarEser Aquatic Plants and the
Occurrence of Desmids 
No desmids are associated with Brasenia, and
there are relatively few on Nywohaea, NEVIE and
Zizania. A very thick gelatinous sheath covers all
vegetative and floral parts of Brasenia, which has
few branches, and attached algae are absent.
tuberosa and Nuphar variegatum are mor-
phologically similar to Brasenia, but they have a
much thinner gelatinous sheath. The sparse desmid
populations on these plants are associated with attach-
ed structures such as leech egg casings, which are
frequently present on the undersurfaces of the leaves•
(Text Table 8).
Zizania aauatica has very few desmids associated
with it because it lacks underwater branches and leaves.
The strap-shaped floating leaves are wrapped tightly
around the stem and provide only a very limited area
for algae to accumulate, and hence, the associated
desmid populations are small (Text Table 8). This
plant differs from the.plants thus far described in
that it lacks a gelatinous covering.
The desmid populations are restricted to the fine-
ly divided, whorled leaves in both isam.122ap.V 2., Beckii
and Myriophyllum exalbescens. klufiit.L.9jap......a probably
has fewer desmids than D1'...I.L1.2p11......._ryllura_ because its under-
water leaves are more flexible and are possibly more
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readily disturbed by water movements. It is not al-
ways possible to find these plants in similar habi-
tats, so it is difficult to ascertain the other fac-
tors that may be involved in determining desmid dis-
tribution.
Ceratophyllum demersum supports more desmids than
Myriophyllum (Text Table 8). Its leaves are rigid, and
the entire plant compact, especially in the terminal,
actively growing shoot. This compact arrangement may
restrict the numbers of algae that can accumulate on
its underwater leaves (Text Table 8).
Potamorzeton Robbinsii and P._amplifolius both
harbor sizeable desmid populations (Text Table 8).
These two species of Potamogeton were studied in con-
siderable detail, because they are the only two spe-
cies of Potamogeton found in almost every lake, and
also they are the only species that remain partially
intact under the ice during the winter (Moore 1915).
ptton Robbinsii has narrow, v
-shaped leaves
arranged in two ranks on the stem, separated by short
internodes. The bases .of the leaves are extended into
short rounded lobes, and the plants branch profusely
under the water. The principal means of reproduction
Is vegetative and the buds so produced are very simi-
lar to the normal vegetative shoots, and appear to be
smaller branches of the vegetative axis. The plants
disintegrate during the spring overturn and the buds
36
are a means of reproducing new plants in other areas
of the lake.
Potamoleton amplifolius has leaves which are join-
ed to the stem by short petioles, but it has large sti-
pules, and when these are intact, they provide excellent
habitats for algae. (The stipules can be broken apart
by the accumulation of marl or by wave action). Its
mode of vegetative reproduction is the same as P. Rob-
binsii, and the plants disintegrate in the spring
(Moore 1915).
The remaining three species of aquatic macrophytes
studied are all members of the genus Utricularia, and
generally, they can be found in the same location in a
lake. In North Twin Lake, for example, all three spe-
cies are found in greatest abundance in the channel
which connects North and South Twin Lakes. The vege-
tative plants are loosely rooted, submerged aquatics
which produce emergent floral axes. The three species
differ in leaf size and character, internodal length,
the arrangement and size of bladders, and the spatial
arrangement of the plant in the water. Utricularia 
has the largest leaves and bladders of the
three species and the shortest internodes. Its blad-
ders are produced on the whorled leaves, and because
of this, the vegetative parts of the plant are dis-
posed horizontally in the water. The only vertical
37
axes are those for the floral organs and roots. An--
other important morphological feature is the presence
of minute spine-like teeth on the margins of the very
finely divided leaves.
Utricularia minor is similar to U. vul,Faris in
the arrangement of leaves and bladders but the entire
plant is much smaller. The bladders are produced on
the leaves which suspends the plant horizontally in the
water, but its leaves lack the minute spine-like teeth.
Its internodes are slightly longer than those of U. vul-
garls but the leaves are about half the size.
Utricularia intermedia differs from the other two
species in having its bladders produced on separate
branches from the leaves. As a result, its vegetative
body does not lie horizontally in the water as do the
other two species. Its leaves and internodes are much
the same size as those of U. minor, but the leaves are
copiously spine-toothed rather than smooth (Fassett
1957).
As with the other aquatic macrophytes, the density
of the desmid populattons appears to be related to the
morphology of the plant. The Utricularia plants stu-
died all came from the same area of the lake; and in
fact, occurred close together. However, the density
of their desmid populations suggests that some other
factor than the location of the plant in the lake
contributes to this difference (Text Table 8).
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Even the two smaJler species of Utricularia also
showed a difference in the size of the desmid popula-
tions they contain, yet these plants are very similar
(Text Table 8). Utricularia intermedia, however, has
minute, spine-like teeth on the leaves, and it harbors
desmid populations significantly larger than those
found on U. minor. These minute teeth provide addi-
tional places for filamentous algae to accumulate, and
thus, are important for the colonization by desmid pop-
ulations.
The Effects of Wave Action on Littoral 
Desmid Populations
-
An extremely important factor relevant to the
desmid populations associated with aquatic macrophytes
is the location of the plant in the lake. The same
species of aquatic macrophyte taken from two differ-
ent regions of the same lake have very different des..
mid floras, Samples of P. Robbinsii were collected
from two areas of Squaw Lake (Text Figure 3). One
area was well-protected, 'while the other was in a re-
gion more often subject to wind and wave action. Twen-
ty-five 1 ml. samples were taken from P. Robbinsii
plants in each of the two regions and counts of their
desmid floras were made (Text Tables 9 and 10). In
the protected region, 2,473 desmids were found in the
25 samples, while only 94 desmids were found in the
same number of samples from the open region. The
39
TEXT TABLE: 9: Counts of desmids found on Potano-
geton Robbinsii taken from a pro-
tected region in Squaw Lake. The
25 samples are from 1 cm. cuttings
which were placed in 1 ml. of wa-
ter, diluted, sedimented, and
counted. September 3, 1969.
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TEXT TABLE 10: Counts of desmids found on Potamo-
geton Robbinsii taken from an open
region in Squaw Lake, The 25 sam-
ples are from 1 cm. cuttings which
were placed in 1 ml. of water, di-
luted, sedimented, and counted,
September 3, 1969.
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13
14 3
15 3 2
1 3
2 3
6 1
16 2 1
17 1 1
18
19 4 1
20 3 1
21
22
23 3 1
24 1 3
25 2
3 3
3 2
7 3
1
3
2
2
3
3
3
2
2
5
3 3
2
3 2
3 3
2
5 3
3
1
3
2
1
Totals 9 73 6 5 i 94 o 53
(%) (9.6)(77.7)(6.3) (5.3)(1.1)(100.0 (0.0)(56.38)
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number of dead cells and those in some stage of cell
division were recorded from these samples. In the
protected region these cells comprised 4% and 12% of
the total cells respectively, while 56% of the cells
were dead and none were dividing on plants from the
open water. An analysis of variance table was con-
structed to compare these samples statistically. At
the 5% level of significance the null hypothesis of
equal means is rejected (Text Table 11). From counts
made of dead and dividing cells, it is apparent that
the desmid population in the protected region was ac-
tively increasing, while that in the open region was
decreasing.
Seasonal Variations in the Desmid _P2s2RLII..,E,L1;2L_Is from
Littoral ReV.ons 
During the winter months two aquatics, Potamo-
geton Robbinsii and P. amplifolius remain intact under
the ice, and have been demonstrated to harbor desmid
populations. Potamogeton Robbinsii from a protected
region was sampled after ice had formed in December
and the desmids counted (Text Table 12). The winter
desmid populations from protected regions are smaller
than summer populations from protected regions, but
are larger than summer populations from open regions.
In comparing the winter sample with one taken from
an open region during the summer, it was found that
at the 5% level of significance, a null hypothesis of
43
TEXT TABLE 11: Squaw Lake: Analysis of variance com-
paring samples taken from Po.tamogeton
• Robbinsii in an open region with those
taken from P, Robbinsii in a protected
region. The data have been taken from
• Text Tables 9 and 10.
Source d.f. N. S.
Blocks
Treatments
Error
24 •6,140.72 255.86
1 113,192.32 • 113,192.82
24 3,856.32 160.68
= 704.46 P.05,1,24 = 4.2597
: equal means: 704.46 > 4.2597 : Ho rejected.
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TEXT TABLE 12:• Counts of desmids found on Potamo-
getom Robbinsii taken from a pro-
tected region in Squaw Lake. The
25 samples are from 1 cm. cuttings
which were placed in 1 ml0
 of wa-
ter, diluted, sedimented, and
counted. December 6, 1969.
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9 3 8
10 2 9
11 6
12 3 8
13 1 6
14 6
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16 1 7
17 9 3
18 2 8
19 8
20 3 9
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24 2 7
25 1 9
2
1 1
1 1
3 1
1 2
1 1
3
4 1
2
1 2
1
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Totals 37 197 14 3 1 5 43 12 9
(%)(11.5) (61.3) (4.3)(0.9)(0.3)(1.6)(13.5)(3.8)(2.8)
TEXT TABLE 12: Continued°
ri4
0 CT-I
0
H
H
A
1 12
2 11
3 _13
4 12
5 12
6 12 1
7 15
8 13
9 13 1
10 12
11 9
12 12 1
13 11 4
14 10 3
15 14
16 11 3
17 15 5
18 11 2
19 14 4
20 17 3
21 14 3
22 16 1
23 16 3
24 12 1
25 14 1
Totals 321 1 43
(%) (100.0) (0.311) (13.40)
1
3
3
1
3
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equal means is rejected (Text Table 13).
By late fall many of the aquatics (amphaea,
Nuph2E, Brasenia, Megalodonta, and Zizania) have de-
generated and are deposited in the sediments of the
lake. Others produce buds which overwinter, and the
rest of the plant is lost to the sediments. Plants of
this type are My.riophyllum, Ceratophyllum, and Utricu-
laria. The buds are produced _terminally on the shoots
and consist of rounded masses of densely crowded leaves.
By the time these buds have completely formed, most of
the plant has disappeared and neither filamentous greens
nor desmids can be found either on the vegetative re-
mains of the plant or on the buds. In the Itasca re-
gion this disappearance of vegetation coincides with
the onset of autumnal circulation.
The Potamogetons also produce buds as was des-
cribed on p. 35. Because of these buds, these plants
can harbor desmids in the same manner in the winter
as in the summer. Most of these plants may partially
decay and be lost to the sediments, but the buds per-
sist with their desmid,populations.
Of considerable importance is the fact that des-
mids overwinter on the PotamoFeton plants that remain
intact under the ice. Since the other plants lose
'their desmid populations. and do not reappear until the
following spring, it is postulated that P. Robbinsii 
and P. am lifolius are partially responsible for the
47
TEXT TABLE 13: Squaw Lakes Analysis of variance com-
paring samples taken from Potamogeton
Robbinsii in an open area (September)
and from under the ice (December).
The data have been taken from Text
Tables 9 and 12.
Source d.f. S.S. M.S.
Blocks 24 75.0 3.125
Treatments 1 1,030.58 1.030.58
.Error 24 64.92 2.705
ET = 380.99 11.05 1,24 = 4.2597
Ho : equal means: 380.99 > 4.2597 Ho rejected.
TEXT TABLE 14: Squaw Lakes The open region and the
protected region are compared fro the
three year period by an analysis of
variance. The desmid counts used for
this analysis are in Tables 22 and 23
of the Appendix.
• 
Source d. f.
Among groups 1
Within groups 26
4,435.208
6,978.042
M.S.
4,435.208
268.386
= 16.525 F,05,1,26 = 4.2252
rejected.: equal means: 16.525 > 4.2252:
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redistribution of desmids during the spring. When the
PotamoFeton plants break-up during the spring, the vege-
tative buds are carried to various parts of the lake
and re-establish themselves and the desmids they har-
bor are carried with them. The other aquatics begin
their growth at this time and filamentous greens and
desmids are brought into the proximity of the new vege-
tation by circulation of the water. Thus, new populations
of desmids are established in the littoral zones and
these increase in density as the macrophytes grow and
increase in number.
DESMIDS IN THE PLANKTON
Desmids that occur and reproduce in the plankton
of lakes are generally regarded as euplanktonic (Brook
• 1959). Those desmids usually found in littoral zones
of lakes but sometimes carried into limnetic regions
are regarded as chance, or tychoplankters. Euplank-
tonic species in one lake may be tychoplankters in an-
other lake or in different areas of the same lake.
The status of any particular species, then, depends
upon certain physical and biological characteristics
of the lake.
Occurrence and FreRa2na of Planktonic Desmids in
Exposed and Protected Regions
One of the initial observations in this study was
that different limnetic regions of the same lake did not
49
support the same kinds of desmid populations, and in
some regions there were practically no desmids at all.
This was first observed in Squaw Lake during the first
year at three different sampling sites (Text Figure 12;
Tables 22-24; Appendix). (Text Figure 3 shows the lo-
cation of the three sampling sites used for this com-
parison). When the study was expanded to include North
Twin Lake a similar situation was encountered (Text
Figures 13 and 14; Tables 25-30; Appendix). (Text
Figure 2 shows the location of the sampling sites
represented in Text Figures 13 and 14). Statistical
treatment of the data from two regions in Squaw Lake
rejects a null hypothesis of equal means at the 5%
level of significance (Text Table 14)0
It was found that the number of desmid cells in
the plankton decreased in protected areas or restricted
areas as distance from aquatic macrophytes increased*
This was observed along horizontal transects in the
protected region of Squaw Lake, in North Twin Lake,
and in Darling Pond (Text Tables 15-19; Text Figures
15 and 16). (Text Figures 2 and 3 show the approxi-
mate location of the transects in North Twin and
Squaw Lakes). Peripheral samples taken in littoral
zones in North Twin Lake have also shown this same
relationship (Text Table 20). (Text Figure 2 shows
the approximate location of the peripheral sampling
sites in North Twin Lake
Text Figure 12: Squaw Lake: The total number of d
esmids found in .a water column
sampled at one meter intervals during 
1967,1968, and 1969 from
Areas 1,2, and 3.
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Text Figure 13: North Twin Lake: The total number of desmids found in a water
column sampled at one meter intervals during 1967, 1968,
and 1969 from Areas 2 and 6.
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TEXT TABLE 15: Desmid counts along a horizontal tran-
sect in the open region of Squaw Lake.
The figures are the number of desmids
in 10m1, of lake water.
August 16, 1969.
Depth
Meters
Sampling sites along transect
2 3 4 5 6 7
0
1
2
3
5
6
8
lo
11
12
15
20
'TEXT
11 6 4 6 o
10 4 4 7 o 8 14
8 7 5 8 6
2 3 2 10 5
3 4 4 7 4
6 7 4 o o
13 5 4
11 3 0
7 2 1
4 2 •4
2 2 0
TABLE 16: Desmid counts along a horizontal tran-
sect in the protected region of Squaw
Lake. The figures are the number of
desmids in 10 ml. of lake water.
August 16, 1969.
Depth
Meters
Sampling sites along transect
,2 3 4 5 6 7 8 9 10 11
o 11 4 1 0 0 o 00 0 1 12
1 110 45 2 0 0 0 0 0 2 10 140
2 144 0 0 Q 0 0 0 0 150
3 1 o o o 0 0 o
0 0 0 o
- 1 o
6 o 0 0
o 0 0
8 0 0 0
9
lo
11
12 0
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TEXT TABLE 17: A horizontal transect from an area of
aquatic vegetation to the deepest area
of North Twin Lake. The figures are
•the number of desmids in 10 ml. of
lake water. August 22, 1968.
Depth Sampling 3sites along travect
Meters 1 5
o 555 0 1 o 0
1 1°66 i. 1 4 0
2 8 o o o
3 95 o 3 o
4 o 0 o
5 0 1 0
6 o o
7 o o
8 0 0
9
10
11
12
TEXT TABLE 18: A horizontal transect across the North-
east end of North Twin Lake. The fig-
ures are the number of desmids in 10
ml. of lake water. August 22, 1968.
. Depth
Meters
1 2
o 66
1 13
2
3
Sampling sites along transect
3 4 5 6 7 8 9 lo 11
o o o 2 0 0 1 0 1
0 1 o 3 1 1 o 2 11
0 0 0 2 0 1 0 0
0 0 0 1 0 0 0
0 1 1 0 1
5 o o o
6
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TEXT TABLE 19: A horizontal transect across Darling
Pond. The figures are the number of
desmids in 10 milliliters of water.
Depth Sampling sites along transect
1 2 3 4 5 6 7 8 9
Surface 440 25 17 11 7 20 9 12 34
1 Foot 366 556 356 327 20 14 11 48 18
2 Feet * 1184 720 372 17 11 * * *
3 Feet * 358 176 25
4 Feet 302
1 Meter 17 604
* Bottom
TEXT TABLE 20: Samples from peripheral areas in
North Twin Lake. The figures are
the number of desmidp in 10 milli-
liters of lake water.
Depth
Meters 1
Sampling Sites
4 5 6 7 8 9
0 5 1 0 0 0 0 0 0 0
1 62 2 0 0 1 5 9 8 0
2 23 1 1 0 0 34 0 0 *
3 * 1 * * 0 * 0 *
4 0 0 *
* Bottom
•
Text Figure 15: Squaw Lake; horizontal transects across Areas l & 2. The_figures given are the average number of
desrnids at the different sampling stations, although the number of samples from each station is different.
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The evidence from these samplings leads to the
conclusion that desmids sink rapidly with increasing
distance from aquatic vegetation. Desmids were always
found in samples taken in the vicinity of rooted vege-
tation.
Desmids are most abundant at the northeast end
of North Twin Lake. This area is near aquatic vege-
tation and where wave action is greatest. The fact
that desmids are most abundant near aquatic vegetation
is demonstrated by the first year's data from six dif-
ferent sampling sites (Text Figures 13 and 14; Tables
25-30; Appendix). Another supporting factor for this
contention is the fact that An horizontal transects
the desmid maxima were at greater depths when distance
from aquatic macrophytes was increased (Text Tables
16-19).
The major sampling sites in North Twin Lake show-
ed consistent differences during the three year per-
iod, as can be seen by statistical treatment of the
data (Text Table 21). The horizontal transects in
North Twin Lake and Darling Pond also showed consis-
tent differences between the sampling sites when com-
pared statistically (Text Tables 22-24). A similarity
between the sampling site with the least desmids in
North Twin Lake and the protected region in Squaw
Lake can be shown by statistical comparison. Using
the same 'number of samples, a null hypothesis of equal
59.
TEXT TABLE 21: The principal sampling sites in
North Twin Lake are analyzed for
the three year period by an anal-
ysis of variance. The data for
this analysis were taken from Ta-
bles 25 and 26: Appendix.
Source d.f. S.S. M.S.
Among groups 1 2,017.063 2,017.063
Within groups 18 725.737 40.319
. 50.028 F.05,1, 18 . 4.4139
Ho : equal means: 50.028 > 4.4139: Ho rejected,
TEXT TABLE 22: The horizontal transect in the deeper
area of North Twin Lake analyzed by an
analysis of variance. The data for
this analysis were taken from Text
Table 17.
Source d, f, •5030 N oS
Among groups 4 1,230,531.84 307,632.96
Within Groups 29 136,960.731 4,722.78
 MM.
T = 65,138 F.05,412 = 2.7014
Ho : equal means: 65.138 > 2.7014: Ho rejected,
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TEXT TABLE 23: The horizontal transect at the north-
east end of North Twin Lake is analy-
zed by comparing the means. The data
are taken from Text Table 18.
Total desmids in .
each column in the
transect. Mean
1
1
9
1
1
2
12
40.0
1.2
0.0
0.2
0.2
1.2
0.2
0.4
0.25
0.66
6.0
TEXT TABLE 24: The horizontal transect in Darling
Pond is analyzed by comparing the
means. The data are taken from Text
Table 19.
Total desmids in
each column in the
transect. Mean
806
1765
1451
886
371
62
624
60
52
403
588
362
221
74
15'
208
30
26
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means is accepted at the 5% level of significance
(Text Table 25).
Desmids in the Plankton and Seasonal Development 
of Aquatic Macrolphytes 
Seasonal redistribution is a factor contributing
to the greater diversity of species in a larger lake.
Waves and currents in such lakes would redistribute
the Potamogetons which harbor desmids during the win-
ter more effectively, and thus ensure the redistribu-
tion of desmids seasonally. Even though there may be
fewer rooted aquatic plants in larger well-circulated
lakes, their associated desmid populations would be
transported more often, and more desmids would be
carried into the limnetic environment where they
might survive.
A further aspect of this study involves the growth
of aquatic vegetation and the seasonal changes of des-
mids which have been observed to occur in the limnetic
regions. Desmids are often most abundant in limnetic
regions during the late summer or early fall, when
temperatures are high and nutrients are low (Fogg 1966).
The abundance of desmids at these times is also rela-
ted to events occurring in the littoral zone. Desmid
populations develop on rapidly growing aquatic vegeta-
tion during spring when filamentous algae, including
some desmids, and unicellular desmids exploit the
micro-habitats that develop on certain submerged
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TEXT TABLE 25: The deeper area in North Twin Lake
and the protected area in Squaw Lake
are compared by an analysis of vari-
ance. The data are taken from Tables
22 and 25; Appendix.
Source d.f. S.S. M.S.
Among groups
Within groups
1
24
58.499
506.616
58.499
21.109
T = 2.777
Ho : equal means: 2.777 < 4.2597: Ho accepted.
F05,1,24 = 4.2597
TEXT TABLE 26: Counts of desmids found in the water
immediately adjacent to a ..1?2p.29.Es-1212
Robbinsii plant and a few feet from it.
The figuresare the number of cells in
10 ml. of lake water.
Depth
Feet
Away from plant* Adjacent to plant
(Cells) (%) (Cells) (%)
0
2
3
Totals
0 00 of.p
1 16.6
1 16.7
66.7
6 100.0%
51
75
130
0.0%
3.0
39.3
57.7
100.0
* The number of cells found in the region away from
the aquatic plant cOntained 4.6% as many cells as
were found in the area, adjacent to the plant.
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aquatic macrophytes. These algal associations accum-
ulate and populations increase as the aquatics grow.
Desmids are dispersed from the growing macro-
phytes by waves and currents and they appear in the
open water later than other. phytoplankters. Although
the physical and biological characteristics of the wa-
ter are undoubtedly important to the maintenance of
desmids once they reach limnetic zones, they must be
transported initially into the open water. A further
factor contributing to their low numbers is that des-
mid cells have been observed to divide more slowly
than virtually all other planktonic algae (Lund 1964).
Initially, most desmids seem to be restricted to the
micro-habitats provided by aquatic vegetation, but
during periods of circulation, some are carried pas-
sively from the vegetation and then sediment rapidly.
This was demonstrated by sampling near aquatic
vegetation during autumnal circulation. A vertical
column of samples was taken at one foot intervals from
surface to bottom near a Potamogeton Robbinsii plant,
without incorporating leaves in the Kemmerer sampler.
Similar samples were taken two feet away from this
plant where there were no aquatic macrophytes; The
analysis of the counts of these samples is given in
Text Table 26. It was indicated that the desmid cells
were sinking, because the maximum number of desmids
near the plant was at three feet (57%). The almost
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complete absence of desmids at a distance of two feet
from this plant also indicates that desmids were sink-
ing very rapidly. Only 5% as many cellswere found
at a distance of two feet from the plant, and of these
67% were at the bottom. Since the desmids found in
these samples are clearly the same kinds found in meta-
phyton communities, it can be concluded that during
fall overturn desmids originating from the metaphyton
sediment very rapidly. The cells probably are not di-
viding at this time, and they 'probably are not buoy-
ant enough to float very long. In consequence, desmids
are absent from limnetic samples during the period of
overturn, having sedimented from the plankton during
the late summer.
Because of the foregoing considerations, it is
postulated that a large well-circulated lake will tend
to support more desmids in its limnetic zones than a
smaller lake.
Lake Morpholou, Water Circulation, and Desmid 
Distribution
The importance of the size of the lake basin and
its patterns of circulation in relation to the ability
of desmids to become established in the plankton became
apparent when several lakes were sampled and when hori-
zontal transects were made across sampling sites in
Squaw, North Twin, ahd Darling Pond (Text Figures 15,
and 16; Text Tables 15-19). During the summer of 1967,
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Squaw Lake was sampled periodically in three limnetic
areas, while North Twin was sampled in six equally
spaced areas from the southwest to the northeast end
of the lake. After this first season, only two lim-
netic regions were sampled in these two lakes, these
being the areas which had contained respectively the
greatest and the least number of desmids during the
first season. The summaries of these counts are found
in Text Figures 12, 13, and 14.
The importance of circulation patterns in the
water was first indicated by the examination of sam-
ples from horizontal transects across the two sampling
sites in Squaw Lake (Text Figure 15; Text Tables 15 and
16)0 In the large, open area counts revealed that des-
mids were fairly evenly distributed spatially through-
out the entire region. This was not the case in the
well-protected region. Although desmids were found
at all depths in the littoral zones, their abundance
as well as their presence at the surface and shallower
depths decreased as distance from littoral zones in-
creased. As can be noted from Text Table 16 and Text
Figure 15, there are very few, if any desmids at any
depth in most of the limnetic regions along the tran-
sect. Statistical treatment of the data concerning
these horizontal transepts has shown that at the 5%
level of significance a null hypothesis of equal means
is accepted for the large, open area, but is rejected
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for the well-protected area (Text Tables 27 and 28).
It is deduced from these observations that the
morphology of the lake basin and its patterns of cir-
culation are the major factors involved in the estab-
lishment of the desmid floras of the limnetic regions.
This concept is further supported when horizontal tran-
sects of the two sampling sites in North Twin Lake are
considered (Text Figure 2 shows the approximate loca-
tion of these transects). At no time in this lake
were desmids observed to be evenly distributed spati-
ally in the limnetic regions as they were in the open
area of Squaw Lake (Text Figure 16; Text Tables 17 and
18). The results of these transects can be interpret-
ed in the following manner; The size of the lake basin
does not permit circulation to maintain desmid cells
in suspension in great numbers in the limnetic regions.
Further, the limnetic region which consistently had
the greatest number of desmids was also the closest to
aquatic vegetation, and therefore, most of the desmids
found in this lake are chance or tychoplankters.
Lake Dimensions and Cell Size of Desmids
In larger well-circulated lakes there is a great-
er species diversity of planktonic desmids, and pop-
ulation densities are greater than in smaller, poorly
circulated lakes, The euplanktonic species of desmids
in the smaller lakes are of much smaller size than
euplanktonic desmids of larger lakes.
67
TEXT TABLE 27: The horizontal transect in the open
area of Squaw Lake analyzed by an
analysis of variance. The data are
taken from Text Table 15.
Source d. f. 3.5. M.S.
Among groups 6
Within groups 42
169.615
416.201
28.269
9.909
T 2.853 F.01,6,40 = 3.2910
equal means: 2.853 < 3.2910 Ho accepted.
TEXT TABLE 28: The horizontal transect in the pro-
tected region of Squaw Lake analyzed
by an analysis of variance. The data
are taken from Text Table 16.
Source d.f S S S
Among groups 10
Within groups 50
233.116
168.555
23.312
3.371
. 6.933 F.05,10,40 ' 2.0772
Ho 2 equal means: 6.933 .> 2.0772 : Ho rejected,
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When this study was expanded to include several
• other lakes of the Itasca region, it was found that
the same relationship between basin size, circulation
• patterns, and desmid distribution existed as was ob-
served in North Twin and Squaw Lakes (Text Table 29).
To illustrate this more fully, the sizes of the des-
mid cells were compared with the lake's surface area
(Text Figure 17). The surface areas of the lakes or
the areas of the lakes presented in this figure de-
crease from the left to the right, while the sizes of
the desmids increase from the top to the bottom of the
figure. Text Table 30 gives the frequency of each of
the points found in Figure 17. These are arranged ac-
cording to increasing size in the columns under each
lake or area heading.
It can be seen that larger desmids are either
entirely absent from small lakes or very infrequent
in the open water. Therefore, it has been concluded
that the larger species which are euplanktonic in lar-
ger bodies of water are tychoplanktonic in a smaller
lake. Their adaptations for flotation are not suffi-
cient to keep them suspended and thus they sink from
the -plankton. In agreement with Ruttner (1963), it
• seems that regardless of the adaptations which plank-
tonic organisms have for flotation, the single most
important influence is the eddy diffusion currents
of the water. Unless cells have a specific gravity
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TEXT TABLE 29: Counts of planktonic desmids from the
other eight lakes sampled during the
study. The figures are the number of
desmids in 10 ml0 of water.
Depth
Meters
Lakes
C)
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t--1 ill
0 54 47 7 9 0 0 3 7
1 30 69 8 9 1 2 2 20
2 30 75 7 8 5 1 3 17
3 27 103 6 7 3 0 4 25
4 14 74 1 7 3 0 4 155
5 24 32 2 5 14 0 3 *
6 * 11 4 4 22 0 2
7 , 6 2 25 0 2
8 2 2 13 0 5
3 0 12 0
10 1
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2
2
1
8
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TEXT TABLE 30: The relative frequency of occurrence of
desmid taxa in selected samples from
lakes in the Itasca region, arranged by
their average sizes. The percentages
of occurrence given here, correspond to
the points in Text Figure 17.
Lake or Area
Size I E S-1 M N-e N-2
8
9 - 11.4 0.7 11.8 1.8
11
12 17.1 5.9 0.9 2.2
13
14 5.9
15
16
19
20 9.3 0.7
21 26
22 2.9 1.4 30.4
23 32.6
24
25 4.7
26 11.4 29.4
27 0.6
30 2.9 1.2 1.8
31 6.9 6,3
32 9.3 11.5 72.8 11.8 32.1
35 0.9 1.8
37 •5.9
38 0.2
40 0.7
42 1.0 5.9
43 . 2.3 5.9
45 1.9
50 1.7
54 2.3 5.7
55
65 4.7 11.5 1.0 5.9
70 13.9 '14.3 • 4.o
75 2.9
80
90
loo 2.3
105 7.0
110
120 11.6
125
165
200
250
Dead 2.3
5.7
2.9
00
1.0
0.2
1.7
5.9
5.9
0.0
2.2
4.4
15.6
6.6
15.6
17.8
2.2
4.4
0.9 404
1.6
4.5 4.4
2.7 8.8
9.8 11.0
0.9
0.9 .
1.8
0.9
1.8 22.2
7TEXT TABLE 30: Continued.
Size
• Lake or Area *
J S-2 A Da
8
9
11
12
13
14
15 0.6
16
19
20
21
22 1.1
23
24
25
26 1.1
27 8.5
30 2.8
31
32
35
37
38
40
42
43
45
50
54
55
65
70
75
80
90
100
105
110
120
125
165
200
250
Dead
85.8
0.0
3.
0.5
78.4
1.0
0.5
1.6
005
6.3
4.2
1.1
0.5
1.6
0,0
81.25
2.5
2.5
1.0
0.75
10.25
0.5
'1.0
0.25
3.0
3.2
1.6
1.6
3.2
12.7
1.6.
3.2
15.9
28.6
4.8
1.6
7.9
7.9
6.3
17.5
1.8
5.3
1.8
1.8
8.8
5.3
7.1
8.8
10.6
33.3 lo.6
5.3
33.3
1.8.
7.0
1.8
33.3 3.5
1.8
3.5
0.0 1.8
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TEXT TABLE : Continued,
Lake or Area *
1= Itasca
E= Elk
S-1 = The open area of
Squaw Lake
M = Mary Lake
N-6 = The northeast end
of North Twin Lake
N-2 = The deeper area of
North Twin Lake
De = Deming Lake
B = Budd Lake
J = Josephine Lake
5-2 = The protected re-
gion of Squaw Lake
A = Arco
Da = Darling Pond
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less than that of the surrounding water, they will
sink.
It will be noted that the results from Darling
Pond do not agree with this general conclusion con-
cernig planktonic desmids. However, when the depth
of this pond and its aquatic vegetation are consider-
ed, the abundance of desmids in its limnetic zones be-
comes more apparent. Although circulation patterns
are probably poor, it has much aquatic vegetation, es-
pecially Utricularia vu)......_,E.a.4RL.s. The limnetic regions
are very limited in size and very close to aquatic veg-
etation, and therefore, the desmids of the limnetic
regions can be regarded as tychoplankters.
Buovancv, Periodicity, and aps2122110._
Desmids are usually infrequent in plankton sam-
ples. This seems to be related to several ecological
factors. First, planktonic desmids are found in great-
est abundance in late summer and early fall when the
water temperatures are at their maxima. Second, des-
mids which are euplanktonic are either small in size,
or are found only in large, well-circulated lakes.
Finally, desmid cells. divide slowly when compared to
other planktonic species of algae (Lund 1964). These
factors, considered together, can explain the observed
low frequency of planktonic desmids.
If planktonic desmids originate in the littoral
zone, then desmid occurrence depends upon the presence
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of aquatic macrophytes in the littoral zones and they
become more numerous as the season progresses, When
environmental conditions are suitable for their growth,
they proliferate in the littoral zones and many are
carried out into the limnetic regions by circulation
of the water. This concept is supported in this work
by two observations. The horizontal transects which
were discussed on page 65, and the following observa-
tion: Meyer and Brook (1969) published a list of al-
gae which they found in the lakes of the Itasca region,
which included desmids. Of the 201 desmids listed, 125
were considered euplanktonic. During this study, 92
of these same 125 desmids were found in the littoral
zones as a part of the metaphyton. The other 33 eu-
planktonic desmids that appeared in their list were
not identified in this study.
DISCUSSION AND CONCLUSIONS
The annual spatial distribution of desmids with-
in lakes in northwestern Minnesota depends largely on
the area of the lake and the season of the year. Des-
mids always occur in the littoral zone on certain a-
quatic macrophytes, although the abundance of these
algae declines during the winter. The aquatic macro-
phytes grow in spring and summer and their desmid pop-
ulations increase. They are most numerous in late
summer in the littoral zone, In the fall many of the
76
aquatic plants disintegrate, and the desmids sink to
the bottom. Those aquatics which remain intact during
the winter continue to harbor desmid populations, al-
though these populations decrease in size.
Desmids appear in the open water after thermal
stratification develops. They increase in abundance
in late summer, decline in the autumn, and disappear
from the plankton in the late autumn.
Desmids are most abundant in littoral zones, be-
cause they sink so rapidly that most of them cannot
survive in the open water. As Duthie (1965) pointed
out, the littoral species sink more rapidly, because
they do not have the buoyant mucilage sheath found on
planktonic species. The most common flotation adapta-
tions of these algae are the various kinds of process-
es on the semicells and gelatinous sheaths. The pro-
cesses increase the surface to volume ratio of the cell
which offers more area to resist sinking, while the
gelatinous sheath lowers the specific gravity of the
cell in relation to the surrounding water. In dis-
cussing these two developments, Ruttner (1963) ob-
serves that one of these adaptations often replaces
the other among desmids. In the genus, Staurastrum,
for example, those cells with longer processes have
less well-developed sheaths than those lacking sheaths,
while those without processes have better developed
gelatinous sheaths.
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Another adaptation of desmids discussed by Ruttner
(1963) concerns that of orthogonal projection. The
best example of this is found in the genus Closterium.
To illustrate this, the reader must consider that a
stick sinks more slowly in a horizontal position than
in a vertical position. Cells which have such an adap-
tation also have a slight curvature that stabilizes the
-cell and helps maintain it in a horizontal position.
Ruttner (1963) considers the size of planktonic
organisms to be important to their ability to stay
suspended in the water. To illustrate the importance of
this fact he uses Stoke's law concerning the free fall
of small spheres in a liquid medium. Stoke's law
states that the rate of sinking varies directly with
the square of the radius. In applying this prinOiple
to the common sizes of planktonic organisms, namely
0.1, 0.01, and 0.001 mm. under identical conditions of
density and viscosity, a spherical cell of 0.01 mm.
diameter will sink 100 times more slowly, and a simi-
lar cell of 0.001 mm., 10000 times more slowly, than
a cell 0,1 mm. in diametet. Dcsmids commonly found in
the plankton are usually fairly large and range in size
between 0.1 and 0.01 mm, in diameter.
Ruttner (1963) further states that even all these
"flotation adaptations".howevert with the exception
of the reduction of the density of the organism to
that of the surrounding water or even less, are not
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sufficient to prevent non-motile plankters from sink-
ing. Thus, most of the living organisms in a plank-
ton sample soon sediment to the bottom of the con-
tainer. That this settling does not occur in lakes,
and that even fairly large and rounded forms remain
suspended in the water means that the forces control-
ling flotation lie outside the organisms. This force
is the turbulence of the water (the unorganized eddy
diffusion currents), which maintains a state of con-
tinuous mixing action particularly in the epilimnion,
which is where the non-motile phytoplankton chiefly
occur. We must therefore, look upon the turbulence
as the most important factor influencing flotation of
plankton, and may in consequence assign a purely sup-
porting role to the so-called flotation adaptations.
Ruttner (1963) further states that these eddy diffu-
sion patterns are of greater significance in larger,
more open lakes which receive more wind and as the
size and depth of lakes increases, the effect of the
eddy diffusion currents increase in the hypolimnion.
As a component or as constituents of the meta-
phyton desmids become associated with aquatic macro-
phytes by a network of green algae. This supportaing
network retains cells in one position in the water and
prevents their loss, and they proliferate here. The
desmids in the limnetic zones do not have this support
and appear to be prevented from sinking by cellular
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adaptations, particularly the extrusion of mucilage
sheaths, or eddy diffusion currents. Patterns of
circulation vary from day to day as well as season-
ally, and many planktonic desmids in smaller lakes
sink to the sediments, whereas in littoral zones
such losses are not as great.
The evidence suggests that desmids overwinter
in the sediments of the littoral zones and on Potamo-
getons that survive under the ice. The off-shore sed-
iments probably are not important, because desmids
are not found in the plankton during periods of cir-
culation, and also because certain of these lakes are
anoxic during stratification. Fritsch (1931) states
that desmids may overwinter on the bottom or in lit-
toral zones, and Wesenberg-Lund (1905) states that
those sedimenting in deeper regions may eventually
perish. However, Brook (1965) has observed desmids
in the plankton throughout the entire year in certain
lakes in England and Scotland, but these lakes often
are not ice covered or are for only short periods.
Thus they are in continuous circulation during the
winter unlike the lakes of the Itasca region.
Lund (1954) has found that Melosira Italica v,
subarctica sinks from the plankton and lives on the
sediments during the summer. Asterionella formosa 
however, is always present in the plankton (Lund 1949).
The first of these diatoms can only exist in the
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plankton when the water is circulating because after
the lakes in which it occurs have become thermally
stratified, its sinking rate is then too rapid. As-
terionella does not appear to sink so rapidly and is
always present in the plankton. Possibly it could
not tolerate the anoxic conditions of the sediments
as does Melosira italica v. subarctica. The absence
of desmids from the plankton of the Itasca lakes dur-
ing fall and winter indicates that they neither over-
winter in the plankton, nor are they in the sediments
and recirculated at the time of overturn. If they
were on the sediments, at least a few should be detect-
ed at the time of fall overturn. If they rise from
the deeper sediments later in the summer, they would
have to survive anoxic conditions in some• of the lakes.
Thus, it seems that the deeper sediments are to be ex-
cluded as regions where desmids survive in the Itasca
lakes. The sediments of the littoral zones, however,
could be a source of planktonic desmids in succeeding
seasons as Duthie (1965) found in the lake Llyn Ogwyn,
North Wales. However, this lake has an average depth
of only 2.1 meters, and supports few aquatic macro-
phytes.
The annual redistribution Of desmids in a lake
is still a matter of speculation, but certain factors
revealed during this study lead to the following con-
elusions.
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Desmids occur throughout the entire year on at
least two species of Potamotieton. These plants dis-
integrate during the spring overturn, and the frag-
ments establish roots elsewhere. These vegetative
shoots have desmids on the underwater leaves which
have persisted during the winter. The other aquatics
begin to grow at this time, and it is possible that
desmids from these Potamogetons reach the other aqua-
tics by water circulation.
Planktonic desmids occur in littoral zones associa-
ted with aquatic plants, and an origin from this region
seems to be a reasonable explanation for their occur-
rence in the plankton. As the summer progresses, the
aquatics grow and accumulate more desmids on their un-
derwater leaves and stems. Desmids reproduce slowly
and would as a result, not reach a peak in abundance
very early in the summer. Water movements in the vici-
nity of the aquatics disperses many of the desmids into
the surrounding regions. If the cells adapt to the new
environment and reproduce there, they will then become
a part of the phytoplankton, while others will sink to
the sediments.
The morphological variants of desmids discussed in
the Introduction lends, further support to the assump-
tion that desmids originate annually from littoral
zones.
In smaller lakes the circulation in the littoral
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zones would not be as great as in the same zone in a
larger lake, and as a result, larger desmids origin-
ating from the sediments or from aquatics would not
be as likely to be brought into limnetic regions by
water circulation. The planktonic desmids of smaller
lakes would be limited by their size and sinking rate,
and therefore, only smaller desmids would persist in
the limnetic environment. The larger planktonic spe-
cies would sink too rapidly for survival in these
lakes and would have to be considered to be tychoplank-
ters if they reached these areas at all.
In larger lakes the existing aquatics will lose
more of their desmids to the surrounding water as a
result of better circulation. Those desmids which
are carried away from these plants either survive or
sink, and since it has been shown that larger lakes
can support larger desmid cells, there would be a
greater variety of planktonic species. This effect
of wind and wave action on desmids from littoral
zones is in agreement with both Fritsch (1931) and
Pearsall (1924).
It has been concluded that by observing the spe-
cies composition and abundance of the aquatic macro-
phytes in a given lake, predictions concerning the
Lake's desmid population within littoral zones can
be made. For example, a lake having a great deal of
Utricularia vulp.ris could be expected to have an
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abundant desmid flora, while a lake with an abundance
of Nymphaea or Nuphar would support smaller desmid
populations. Thus, the aquatic macrophytes within a
lake can be a valuable indicator of the nature of its
desmid population.
In conclusion it can be stated that the spatial
distribution of planktonic desmids within lakes of
. the Itasca region depends upon the following ecolog-
ical considerations; the season of the year when
the samples are taken; the region of the lake sampled;
the species composition and abundance of the aquatic
macrophytes; the size of the lake basin and its pat-
terns of circulation; and finally, the cellular adap-
tations which appear to assist the desmid cells in
their flotation.
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TABLE 1: North Twin Lake: Aquatic Vegetation.
Aquatics Shoreline
Acorus calamus 
Bracsenia Schreberi 
Calla Eplustris
Ceratophyllum demersum
Dalichium arundinaceum
Eleocharis palustris 
Eguisetum fluViatile 
Mealodonta Bceckii 
Myriophyllum exalbescens
Najas flexilis 
Nuphar variegatum
Nymphaea tuberosa 
Polygonum amphibium
Potamoeton ar4plifolius 
P. Fgamineus 
P. natans
P. Robbinsii 
P. strictifolius
P. 
F.
zosteriformis
-gagittaria latifolia
S. riV.da 
LlEptaa validus 
Sparoanium angustifolium
S. fluctuans 
Utricularia intermedia
U. minor
vulgaris
Shoreline
.01*
Alnus 1.11E212
Aster ciliolatus
Bidens comosa
Calamogrostis canadensis
Zaaptanal.a aDarinoides -
Carex intumescens V.
fernaldii
lanuV.nosa 
C. pseudo-c7perus 
stricta 
-dicuta bunifera 
maculata
Tornus
 
stolonif era 
gquisetum hyemale 
E. pTiatense 
E. sylvaticum
apatorium maculatum
E. perfoliatum
Galium trifidum
Glyceria canadensis
G. grandis 
ITypericum
 virgini cum
Hystrix
Impatiens capensis 
Iris versicolor
Juncus tenuis 
Lycovs amerlcanus 
L. uniflorus
fiysimachia thyrsiflora
Mentha arvens's
Phleum pratense
TjalieLcrlial coccineum
P. nctatum
Totentilla palnaLEla
Ranunculus pensylvanicus
Salix bebbiana 
interior
S. lucida
-s-Qirpus atrocinctus
Scutellaria epilobiifolia 
S. lateriflora
-Slum suave.
bolidago gx;aminifolia
S. 1111,E1/12Ea
- nchus arvensis
fpitea plba
Dalustris
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TABLE 2: Squaw Lake: Aquatic Vegetation.
Aquatics Shoreline
Bracsenia Schreberi 
Chara sp.
Elodea canadense
Equisetum fluviatile 
Hypericum majus,
Mealodonta Bceckii 
Myriuhyllum exalbescens
M. verticillatum
flexilis
Nitella sp.
Nuphar variegatum
Nymphaea tuberosa
Potamogeton amplifolius 
Pi berchtoldi
P. foliosus 
P. friesii
P. gral4ineus 
natans 
P• RIa.0,2nERE
P; Robbinsii
P. strictifolius
P, zoster;iformis
Ranunculus long/rostris
fs„..Lralf. valid!
Sparganium ch121:(22=11
S. fluctuans
Alnus /225osa
Bidens comosa
Calamo:uostis canadensis 
Carex rostrata
Ejsuisetum arvense 
Eupatorium perfoliatum
Lobelia syphiletica
Lycuus americana
Oenothera parviflora
Salix amygdaloides
S. bebbiana 
.S. discolor
S• 5.1.29,111E
S. interior
S. lucida 
S. rigida
Scirpus atrocinctus 
S. mplinus
Spirea alba_
Typha latifolia 
90
TABLE 3: Darling Pond: Aquatic Vegetation;
Aquatics Shoreline
Bracsenia Schreberi
Dulichium arundinaceum
Nuphar variegatum
Nymplaea tuberosa 
Potamoeton eDihydrus 
P. strictifolius
115,ittaria cristata 
S. latifolia
anium aEELIEL1119.1.12E
S. fluctuans 
S. minimum
Utricularia yalEaris
Alnus rugosa
Aster Junciformis 
A. puniceus
Bidens comosa 
Campanula aparinoides 
Carex rostrata
Cicuta bulbif era
Eleocharis palustris
Equisetum fluviatile 
Gallium asprellum
G. boreale 
G. "trifidum
Hypericum muticum
H. virin
Iris versicolor
Lemna minor
Mentha arvensis 
1221X.Pnum laRaLt1Lallam
Potentilla RalaaLKLE
RicciocarDus natans
Rumex crispus 
R, mexicana
al ix ammaa121des
5, gracilis
S. lucida
Efj:219.
22_aarisjpja
,
Ilzida
malnaa
Scutellaria epilobiifolia
Soli fjea
S. amP11121121131aThe tens palustris 
D2112., latifolia
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TABLE 4: Budd Lake: Aquatic Vegetation
Aquatics
Bracsenia Schreberi 
Chara sp.*
Drosera rotundifolia
Isoetes echinouora
Me5alodorita Bceckii 
Kalsmhyam exalbescens
Nuphar variegatum
.amphaea tuberosa
Polygonum amphibium
Potamopton amplifolius
P. EiFamineus
P. natans 
P. Robbinsii 
fluctuans
S. minimum
Iftricularia vulgaris 
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TABLE 5: Deming Lake: Aquatic Vegetation
'Aquatics Shoreline
Bracsenia Schreberi 
Chara vularis 
Dulichium arundinaceum
Eleocharis communis
Eguisetum fluviatile
Najas flexilis
EEphar variegatum
Nymphaea tuberosa
Polygonum amphibium
Potamogeton amplifolius 
Sagittaria cristata 
S. latifolia;
Scipus atrocinctus
S: cyperinus 
lal2Ea2212122Eallan-LOIRE
S. fluctuans
Agrostis alba
Alnus rugosa
Aster puniceus 
Bidens comosa
Bromus inermis 
Calmorostis canadensis
Carex sp.
Carex stricta
Cicuta
 
bulbif era 
Cirsium arvense
Eupatorium Derfoliatum
Glyceria canadensis
Hypericum sp.
H. ,rirV.nicum
ImaLL2/22 capensis
Iris versicolor
Juncus sp.
Lycopus americanus 
Mentha arvensis 
Rhus radicans
Rosa blanda
Salix discolor 
Scutellaria epiloblifolia
S. Eraminifolius
alK22 alba
InlaL2E12 miustris 
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TABLE 6: Arco Lake: Aquatic Vegetation. •
• Aquatics
Iris versicolor
Nuphar variegatum
Polygo,num 212aphibium
Sa5ittaria cristata 
Typha latifolia 
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TABLE 7: Josephine Lake: Aquatic Vegetation.
Aquatics
Bracsenia Schreberi 
Chara vulgar is 
Equisetum fluviatile 
Myriophyllum exalbescens 
E2A2f. flexilis
Nuphar variegatum
Nymphaea tuberosa
-PolyEonum ampki,ibium
PotamoFeton amplifolius 
P. Robbinsii
-dparanium fluctuans
Typha latifolia
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TABLE 8: Mary Lake: Aquatic Vegetation.
Aquatics Shoreline
Bracsenia Schreberi
Chara vuls.aris
aLEI2R11111111.92 demersum
Dulichium arundinaceum
Eleocharis communis
Elodea canadense
EgElfetum fluviatile
all2phyllum exalbescens
Najas flexilis
Nuphar variegatum
Examptaea tuberosa 
Polyonum 22.2.1211211111
Potamogeton amplifolius 
P. foliosus 
natans 
P. obtusifolius
P. praelongus
P. Richardsonii
P. Robbinsii
P.strictifolius
zosteriform's
ttaria crlstata 
S. latifolia
-s-cirpus vairdus 
pa latifolia
Utricularia vulFaris
Zizania aauatica
Shoreline
Alnus 1.125.2Ea
Alopecuris aeaualis
Aster junciformis 
Aster plpiceus
Bromus cUatUS
Bidens comosa
Betula Dumila 
Ca1a11220=LLE2 canadensis
C. inexpansa
-Jana palustris
Campanula aparinoides
Carex bebbii 
comosa
C. hystericina
C. lanuginosa
C. pseudo-cyperus 
T; rostrata
C. stricta
-dicaT7-71751ifera 
Cirsium arvense 
C. muticum -
-dornus stolonif era
EaR1Le_Lal arvense
E. hyemale
EuDatorium maculatum
Gallium asprellum
Geum alle=Dicum
Glyceria canadense
HyptDapum virginicum
Impatiens capensis 
Iris versicolor
Juncus brevicaudatus
Lvcoinaa uniflorus
Mentha arvensis
Phlqum sp.
.11125,12112,3 communis
Picea 11192.aa
P. marlana
Toe. palustris
Poiaronum lanait111121111m
Potentilla palustris 
Rhus radicans
Rumex crimpus
R. o7biculatus
bebbiana
S. candida
S. discolor
S. interior
-gcutellaria .manlaalla
Slum suave 
Solidago gintea
ITIRLYEILFIE2.211E122.12In maritima
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TABLE Elk Lake: Aquatic Vegetation.
Aquatics
Bracsenia Schreberi 
Ceratophyllum demersum
Chara yalE5aris 
Elodea canadense 
Myriophyllum e:ialbescens
Najas flexilis 
Nuphar varleatum
jyea tuberosa
phIaglE1L2! communis 
Potamo5,eton amplifolius 
P. illinoensis 
P. natans 
P. pectinatus
P. 2.12212maz
P. Robbinsii 
P. strictifolius
P. vaginatus
P. zosteriformis
Ranunculus longirostris
Scirpous acutus 
Zizania actuatica 
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TABLE 10: Lake Itasca: Aquatic Vegetation,
Aquatics
Ceratophyllum demersum 
Dulichium arundinaceum
Elodea canadense 
Heteranthera dubia
Lemna minor
L. trisulca 
Raja! flexilis 
Nuphar variegatum
Nymphaea tuberosa
Poinonum amphibium
P. coccineum
Totamopton filiformis 
P. friesii 
T. cramineus
P. illinoensis
P. natans 
P.2221112211 !
P.2.1-elonaa
P. Richardsonii
P. strictifolius
P. YaEInaLa
P. zosteriformis
Ranunculus longirostris 
Sngittaria cuneata 
T. latifolia
-d( irpus acutus 
F, validus
sgitEmanlai 2.1222aamarla2E1E212112, polyrhiza
Utricularia intermedia 
U. vulgaris
Yizania aquatica 
TABLE 11: North Twin Lake, Temperatures in the deeper region in degrees centigrade.
1967, 1968, and 1969."
Depth Dates
Meters 8/24/67 8/29/67 8/30/67 8/31/67 9/1/67 9/2/67 9/9/67 9/15/67 9/22/67 10/13/67
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.o
6.5
7.0
7.5
8.0
8.5
9.0
10.0
11.0
1200
2105
21,0
21,0
20.5
20,5
20,0
20.0
19,5
19.5
18.0
14.0
11.0
9.0
8.0
7.0
6.5
6.0
6.0
6.0
5.5
5.0
5.0
20.0
20.0
20.0
20.0
20$0
20.0
20,0
20.0
20.0
17.5
15.0
12.5
9.5
8.0
7.0
6.5
6.0
6,o
5.5
5.0
5.0
5.0
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
18.0
15.0
11.0
8.5
8.0
700
6.5
6.0
5.5
5.5
5.0
5.0
5.0
19.5
19.5
19.5
19.5
19.5
19.0
19.0
18.5
18.0
18.0
15.0
11.5
9.5
8.0
7.5
700
6.5
6.0
5.5
5.5
500
5.0
19.5
19.5
19.5
19.0
19.0
19.0
18.5
18,5
18.5
180
15.5
12.0
9.0
8.0
7.5
7.0
6.0
6.0
5.5
5.5
5.5
•5.0
19.0
19.0
19.0
19,0
19.0
18.5
18.5
18.5
18.5
18,0
14.5
13.0
10.0
8.0
7.5
7.0
6.5
6.0
5.5
5.5
5.0
5.0
19.0
19.0
19,0
19.0
19.0
18.5
18.5
18.5
18.0
18.0
15.5
11.0
9.0
8.0
6.5
6,o
5.5
5.5
5.0
5.0
5.0
5.0
16.5
16.5
16.5
16.5
16.5
16.5
16.5
16.0
160
16.0
15.5
13.0
10.0
8.0
7.0
6.5
6.o
5.5
5.5
5.5
5.0
5.0
15.8
15.8
15.8
15.8
15.8
15.8
15.8
15.8
15.5
15.5
15.1
15.0
11.3
8.4
7.5
6.5
6.0
5.5
5.5
5.5
5.0
5.0
8.3
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
7.5
60.
5.3
5.0
5.0
TABLE 11: Continued.
Depth
Meters
0.0
0.5
1.0
1.5
200
2.5
3.0
4.0
4,5
5.0
5.5
6.0
6,5
700
7.5
800
8.5
9.0
10.0
11.0
12.0
3/16/68
0.0
1.2
2.1
2.1
2.2
2.5
2.5
2.5
2.5
3.0
2.8
2.8
2.8
Dates
5/11/68 5/26/68 6/14/68 7/4/68 7/13/68 7/20/68 7/31/68 8/14/68 10/3/68
10.5
10.5
10.5
1000
6,0
5.5
5.0
4,5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
12.0
12,0
12.0
12.0
11.5
9.5
8.0
7.5
6,0
5.0
4.5
4.5
4.5
4.5
1705 20.0 25.0
25.0
24.5
24.0
23.0
22,0
19.5
18.0
16,0
14,5
12.5
10,5
9.0
7.0
6.5
6.0
5.5
17.5
17.5
17.0
15.5
13.5
12..5
10.5
9.0
8.5
7.5
6.5
6.0
5.5
5.0
5.0
4.5
4.5
4.5
19.5
18.0
17.5
17.0
1605
16.0
15,5
15.0
11.5
9.5
8.0
7.0
6.5
5.5
5.0
4.5
4.5
4.5
5.0
5.0
4.5
4.5
25.0
25.0
24.5
24.0
22,0
19.5
17.0
15.5
12.5
10.5
9.0
8.0
7.0
6.0
5.0
5.0
5.0
5.0
21.0
21,0
20.5
20.0
20.0
20.0
19.5
14.5
13.0
11.0
9.5
8.0
7.0
6.5
6.0
5.5
5.0
5.0
5.0
21.5
21,0
20.5
20.5
20.0
20,0
20.0
17.0
14.5
12.5
10.0
8.5
7.0
6.0
6.0
,5.5
5.0
5.o
5.0
12.0
12,0
12.0
.12.0
,12.0
.12.0
.12.0
11.0
10.5
8.0
7.0
7.0
6.0
6.o
6.0
5.5
TABLE 11: Continued.
Depth Dates
Meters 11/14/68 4/27/69 5/17/69 6/20/69
0.0 4,0 8.5 15.1 19.0
0,5
1.0 4.o 8.5 15.0 19.5
1.,5
2.0 4.o 8.5 14.5 I9.o
2.5 8.0 14.0 19.0
3.0 4,o 7.5 13.5 19.0
3.5 7.0 11.9 18.5
4.o 4.o 5.5 9.0 18.0
4.5 5.0 6.8 13.0
5.0 4.o 4.5 5.8 11.0
5.5 5.4 9.5
6.o 4.o 4.5 5.0 8.o
6.5 5.0 7.0
7.0 4.o 4.5 4.8 6.8
7.5 4.7 6.o
8.0 4.0 4.5 4.5 5.5
8.5 5.5
9.0 4.0 4,5 4.5 5.0
10.0 4,o 4.5 4.5 5.0
11.0 4.o 4.5 4.5 5.0
12.0 4.o 4.5 4.5 5.0
TABLE 12: North Twin Lake; Temperatures at the sampling site at the Northeast end of
the lake. The figures are degrees centigrade, (1967, 1968, and 1969).
Depth Dates
Meters 8/24/67 8/29/67 8/30/67 8/31/67 9/1/67 9/2/67 9/9/67 9/15/67 9/22/67 10/13/67
0.0 22.0 29.5 29.5 20.0 19.5 19.5 20.0 17.0 16,2 8.1
0.5 21.5 19:5 19.5 20.0 20.0 19.5 20,0 17.0 16.2 8.1
1.0 21.5 19.5 20.0 20.0 20.0 19.5 19.5 17.0 16.2 8.1
1.5 21.5 19.5 19.5 20,0 19.5 19.5 1.9.5 16.5 16.2 8.1
2.0 21.5 19.5 19.5 19.5 19.5 19.0 19.5 16.5 16.0 8.1
2.5 21.0 19.5 19.5 19.5 19.5 19.0 19.0 16.5 16.0 8.1
3.0 21.0 19.5 19.5 19.5 19.0 19.0 19.0 16.5 16.0 8.1
3.5 21.0 19.5 19.0 19.5 19.0 19.0 19.0 16.5 16.o 8.1
4.0 20.0 19.0 18.5 18.5 18.5 18.5 19.0 16.0 15.8 8.1
4.5 2000 18.5 18.5 18.0 18.5 18.5 17.5 16.0 15.6 8.1
5.0 14.5 17.5 16.0 14.5 16.o 15.5 14.0 15.5 15.5 8.1
5.5 12.5 11.0 1400 11.5 12.5 11.5 12.5 13.5 15.1 8.1
6.0 11.5 10.5 12.0 10.0 10.0 10.0 12.0 11,0 10.8 8.1
TABLE 12: Continued,
Depth Dates
Meters 3/16/68 5/11/68 5/26/68 6/14/68 7/4/68 7/13/68 7/20/68 7/31/68 8/14/68 10/3/68
Ilinafternmisrassimmir 
0,0
0.5
1.0
1.5
2.0
2.5
3,0
3.5
4,0
4.5
5.0
5.5
6.0
0,0
1,2
2,1
2.1
2,2
2.5
2,5
10.5
10.5
10.5
10.0
7.0
6.o
5.5
5.0
4,5
4,5
12,0
12.0
12;0
12.0
11.0
11.0
9.5
9.5
17.5
17.5
17.5
17.5
16.o
14.0
12.5
11.5
9.5
8,5
8.5
2000
19,0
18.5
18.0
17.5
17.0
17.0
16,5
15,0
13.0
10.5
9.5
9.0
25,0
25,0
24.-5
24.0
24.0
21.5
20,5
18.0
16.5
14.5
12.5
10.0
9.0
25.5
25.0
25.0
24.5
21.5
19.0
17.5
15.5
13.5
11.0
9.5
21.0
21.0
20.5
20.5
20.0
20.0
20.0
14.5
13.5
11.0
9.5
22,0
21,0
21.0
20.5
20.0
20.0
20.0
17.0
13.0
11.5
10.0
12.0
12.0
12.0
12.0
12.0
12.0
:12.0
TABLE 12: Continued.
Depth Dates
Meters 11/14/68 4/27/69 5/17/69 6/20/69
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
4.0
4.0
40o
8.0
4.o 7.5
7.0
400 5.5
5.0
4-,o 4.5
Lp.o 4.5
8.5
8.5
15.1
15.0
14.2
13.8
13.3
11.5
8.6
6.8
5.5
5.1
5.0
19.5
19.5
19.0
19.0
19.0
18.5
18.0
13,0
11.0
9.5
8.5
TABLE 13: North Twin Lake: Oxygen determinations in p.p;m. from from the deeper area.
1968.
Depth Dates
Meters 6/18/68 7/4/68 7/13/68 7/20/68 7/31/68 8/14/68 8/22/68 8/26/68 9/2/68 9/9/68
8.95
1
2 9.00
3 8.88
7.46
9.20 8.55
5 7.55 7.83
3.70 1.37
10 0.10 0.00
11 0.10 0000
12 0.10 0000
7.87
7.87
8.05
7.87
8.33
6.78
5.19
3.46
0.32
0.00
0.00
0.00
0.00
7.69
7.60
7.69
7.19
8.46
7.05
5.00
2.41
0.27
0.00
0.00
0.00
0.00
7.96
7.96
7.78
4.23
0.46
0.18
0.m
0.00
0.00
0000
7.92
8.05
7.60
7.60
7.78
6.96
5.76
1.09
0.045
0000
0.00
0000
0,00
7.28
7.69
7.51
7.74
7,42
6,87
3.87
9155
0.00
0.00
0.m
0.00
o.00
8.18
8.18
8.09
8.09
8.09
7.66
6.74
0.86
0.00
0.00
0.00
0.m
0,00
8.66
8.57
8.61
8.27
8.48
8.05
6.26
0.52
0.00
0.00
0.00
0,00
o.00
8.70
8.61
7.57
8.00
8,22
8.74
7.13
6.22
0.044
0.00
0.00
0.00
0.00
TABLE 13: Continued.
Depth Dates
Meters 9/16/68 10/3/68 11/14/68
8.66
1 8,05
2 7,48
7.27
7.13
5 7.22
6 7.57
5.96
8 0.75
9 0.087
lo 0.m
11 o.00
12 0,00
7.60
7.51
7:51
7.51
7.51
7.51
6.87
6.37'
0.96
0.18
0,00
0.m
0.00
9.78
9.78
9.78
TABLE 14: North Tain Lake: Oxygen determinations in p:p.m: from the area at the
Northeast end of the lake, 1968.
Depth Dates
Meters 6/18/68 7/4/68 7/13/68 7/20/68 7/31/68 8/14/68 8/22/68 8/26/68 9/2/68 9/9/68
o 8.75 9.05 7.37
1 , 8,19
2 6.14
3 8.45 9.01 6.96
4 7.51
5 7.05
6 7.65 6.05 4.37
7.37
7.64
7.28
7.33
8.42
7.28
5.23
7.78
7.92
7.74
7.96
7.96
4.10
4.00
8.19
8.11
7.87
7.92
7.42
7.33
4.50
8.13
8.28
7.78
.8.10
7.46
6.37
4.23
8.84
9.87
9.92
8.92
8.31
7.66
6.69
8.74
9.44
9.53
9.40
9.18
8.87
6.92
8.61
8.48
8.61
7.87
8.40
8.35
8.10
Depth Dates
Meters 9/16/68 10/3/68 11/14/68
0 8.00 8.50 9.78
1 7.30 8.40
2 8.35 8,30
3 7.05 8.30 9.78
4 7.31 8.30
5 6.48 8.25
6 6.35 8.25 9.78
TABLE 15: Temperatures in the open region of Squaw Lake. The figures are degrees centigrade.
1967, 1968, and 1969.
Depth Dates
Meters 7/22/7 7/23/67 7/28/67 8/4/67 9/9/67 9/14/67 9/16/67 9/21/67 10/14/67 11/11/67
0.0
0.5
1,0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
10.0
11.0
12.0
15.0
20.0
27.0
27.0
27.0
26.5
26.5
26,0
22.0
21.5
19.5
18.0
15.5
12.0
11.0
10.0
8.5
8.0
7.0
6.0
6.0
5.5
5.0
5.0
5.0
5.0
25.5
25.5
25.5
25.5
25.5
25.5
25.5
21.0
19.0
17.0
15.0
13.0
10.5
9.0
8.0
7.0
6.5
6.0
5.5
5.0
5.0
5.0
5.0
5.0
23.5
23,5
23.5
23.5
23.5
23.5
23.5
23.5
23.5
16.5
14.5
13.5
11.0
9.5
8.0
6.5
6.0
5.5
5.0
5.0
5.0
5.0
5.0
23.8
23.2
22.9
22.5
22.2
22.1
21.8
18.0
15.5
13.5
11.2
9.8
8.5
7.5
6.7
6.0
5.8
5.2
5.0
5.0
5.0
5.0
19,0
19.0
19.0
19.0
19.0
19.0
19.0
18.5
18.5
18.5
18.5
18.0
13.0
11.5
8.5
7.5
7.0
6.0
5.5
5,0
5.0
5.0
5.0
5.0
16.5
16.5
16.5
16.5
16.5
16.5
16.5
16.5
16.5
16.5
16.5
16.5
16.o
13.5
10.0
7.5
6.5
6.5
6.o
5.5
5.0
5.0
5.0
5.0
16.0
16.0
16.o
16.0
16.0
16.0
16.0
16.0
16.0
16.0
I6.o
16.o
16.0
13.5
10.0
7.5
6.5
6.5
6.0
5.5
5.0
5.0
5.0
5.0
15.5
16.5
16.5
16.5
16.5
16.2
16.2
16.2
16.2
16.2
16.0
15.5
15.0
13.8
11.0
8.5
7.0
6.0
5.8
5.1
5.0
5.0
5.0
5.0
9.2
9.0
8.9
8.9
8.6
8.6
8.5
8.5
8.5
8.5
6.8
5.1
5.0
5.0
5.0
3.2
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
TABLE 15: Continued,
Depth Dates
Meters 3/16/68 4/21/68 5/25/68 6/14/68 6/18/68 6/20/68 6/24/68 7/5/68 7/14/68 7/22/68
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.o
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
10.0
11.0
12.0
15.0
20.0
0.0
1.2
1.8
1.9
1.9
1.9
1.9
2.0
2.0
2,0
2.1
2.1
2.1
2.1
2.2
5.5
5.5
5.5
5,5
5.5
5.2
4.5
4.0
4.o
4.o
3.5
3.5
3.5
3.5
3.5
12.0
12.0
11.5
11.5
11.0
10.5
10.5
10.5
10.0
9.5
9.0
8.5
8.0
7.5
6.5
4.5
4.5
4.5
4.5
4.5
17.5
17.5
17.5
17.5
17.5
14.5
13.0
12:0
10.5
10.0
9.0
8.5
6;5
5.5
5.0
4.5
4.5
4.5
17.0
17.0
17.0
17.0
16.5
14.0
12.0
10.5
10.0
9.0
8.0
6.5
5.5
5.0
4.5
4.5
4.5
18.5
18.5
18.5
18.5
18.0
14.5
12.0
11.0
10.0
9.5
8.5
8.0
7.5
6.0
5.0
5.0
5.0
405
4.5
23.5
23.5
19.5 20.0 23.5
-19,0 23,5
19.0 18.5 23.5
18.0 23.0
19.0 17.5 22.5
18.0 17.0 21.5
17.0 17.0 20.0
16.0 16.5 17.5
12.5 16.5 15.0
11.0 13.0 13.0
10.0 11.0 11.5
9.5 10.0 10.0
9.0 9.0 9.5
8.5 8.0 8.5
8.0 7.5 7.5
7.0 7,0
7.0 6.0 6.5
6.0 5.5 5.5
5.0 5.0 5.5
5.0 5.0 5.0
•4.5 4.5 4.5
4.5 4.5 4.5
20.0 21.5 23.0
23.0
23.0
23.0
22.5
22.5
20.0
17.5
16.0
14.0
12.0
11.0
9.0
8.0
7.5
6.0
5.5
5.5
5.0
4.5
4.5
TABLE 15: Continued.
Depth Dates
meters 8/1/68 8/16/68 4/27/69 5/17/69 6/28/69
000 21.0 20.0 6.5 13.1 21.0
0,5 21.0
1,0 21.0 20.0 6.0 13.8 20.0
1.5 21.0
2,0 21.0 20.0 6.0 13.8 19.5
2.5 21.0 , 13.8 19.0
3.0 21.0 20.0 6.o 13.1 19.0
3.5 21.0 13.0 19.0
4.0 20.5 20.0 6.o 13.0 19.0
4,5 20.0 12.5 1805
5.0 15.0 2000 6.0 12.0 18.5
5.5 14.0 19.5 6.o 10.5 17.0
6.0 12.0 13.5 6.o 8,0 11.5
6.5 11.5 11.0 6.0 7.0 10.5
7.0 10.0 10.0 6.o 6.1 9.0
7.5 9.0 8.5 5.8 7.5
8,0 8.0 7.5 6.0 5.2 7.0
8,5 7.5 7.0 6.o 5.2 6.5
9.0 6.5 6.0 5.0 6.0
10.0 6.o 5.5 6.0 4.9 6.o
11.0 5.0 5.0 6.0 4.5 5.5
12.0 5.0 5.0 4.5 5.0
15.0 5.0 5.0 4.5 5.0
20,0 5.0 500 4,0 4,5 5.0
TABLE 16: Squaw Lake: Oxygen determinations in p•p.me in the open area, 1968:
Depth Dates
meters 6/18/68 6/20/68 6/24/68 7/5/68 7/14/68 7/22/68 8/1/68 8/16/68 8/22/68 9/9/68
o 9.15 8.85 8.75 8.24 8.01 7.60 7.96 7.60 7.74 8.44
1 8.65 8.70 8.42 8.10 7.23 5.51 8.11 8.31
2 8.75 8,96 8.65 8.86 7.28 8.11 7.64 7.78 8.27
8.75 8.45 8.69 8.10 7.37 7.92 7.28- 7.78 8.40
8.70 8.00 8.64 8.42 8.10 7.19 7.64 7.42 7.42 8.44
5 9.60 8.35 9.61 8.28 8.33 7.64 7.87 7.51 4.10 8.44
6 10.30 7.75 9.50 8.19 7.78 7.14 6.32 7.69 7.14 8.31
7 7.45 8.86 8.10 7.46 6.87 6.69 5.46 5.00 8.40
8 7.45 8.53 7.78 7.05 6.28 7.05 6.14 5.41 5.39
9 7.25 7.78 4.96 6.14 5.87 4.69 
3.57
10 6.95 6.70 7.13 5.51 4.87 4.55 3.32 2.78 4.00
11 2.09 3.13
12 6.26 5.19 3.87 3.41 1.96 1.68 2.87
15 6.0o 6.00 5.80 4.87 4.19 3.41 2.64 1.09 0.96 1.48
20 5.85 5.80 5.51 4.6o 4.10 3.14 2.37 0.46 0.91 0.74
 ApialiMpairr 
TABLE 16: Continued,
Depth Dates
Meters 9/16/68 10/5/68 11/14/68
8.53
1 8.44
2 8.53
8.48
8,48
5 8.44
8.18
7 8.18
8 8.06
4.61
10 3.65
11 3.13
12 2,74
15 1031
20 0035
7.82
7.82
7:82
7.78
7.78
7.82
7.82
7.78
7.92
4.73
0.423
0,23
0,23
9,60
9.60
9.60
9.6o
9.60
TABLE 171 Temperatures in the protected region of Squaw Lake, The figures are degrees
centigrade. 1967, 1968, and 1969.
Depth Dates
Meters 7/23/67 7/28/67 8/4/67 8/12/67 9/9/67 9/14/67 9/16/67 9/21/67 10/14/67 11/11/67
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.o
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
10.0
11,0
12.0
25.5
25,5
25,5
25.5
23.5
20,5
18.0
16,0
13,0
10.5
9.0
7.5
7.0
6.5
6.o
5.5
5.0
5.0
5.0
5.0
5.0
5.0
23.5
23.5
231,5
23.5
23.5
21.5
18.5
16.5
13.5
11.0
9.0
8.0
7.0
6.5
6.0
6.0
5.0
5.0
.5.0
5.0
5.0
5.0
24,5
22.8
21.5
21,0
20.0
1705
14.0
11.5
10.0
8.5
7.5
6.5
6.0
5.5
5.2
5.0
5.0
5.0
5.0
5.0
23,5
23,2
23.2
21.5
20.9
20.0
19.2
17.5
14.5
12.0
10.5
8.8
7.5
7.0
6.5
5.8
5.2
5.0
5.0
5.0
5.0
5.0
19.5
1905
19.5
19.0
18.0
17.5
17.0
16.5
15.0
14.0
11.5
9.5
8.0
7.0
6.5
6.0
5.5
5.5
5.0
5.0
5.0
5.0
16.0
• 16.0
16.0
16.0
16.0
15.5
15.5
15,0
14.0
13.0
11.5
9.5
8.0
7.0
6.0
6.0
5.5
5.5
5.0
5.0
5.0
5.0
16.0
16.0
16.0
16.o
16.0
16.o
16.0
15.5
14.0
13.0
11.5
9.5
8.0
7.0
6.0
6.0
5.5
5.5
5.0
5.0
5.0
5.0
16.o
16.0
16.0
16.0
16.0
15.5
15.0
14.5
14.0
13.0
11.0
10.0
8.0
7.0
6.5
6.0
5.5
5.5
5.2
5.0
5.0
5.0
7.5
7.5
7.5
7.4
7.0
6.8
6.5
6.5
5.9
5.5
5.2
5.0
5.0
2.0
2.5
2.5
2.5
2.7
2.8
2.8
2,8
2.8
3.0
3,0
3.0
3.0
TABLE 17: Continued.
Depth Dates
Meters 3/16/68 4/21/68 5/25/68 6/14/68 6/18/68 6/20/68 6/24/68 7/5/68 7/14/68 7/22/68
0.0
0.5
1.0
1.5
2,0
2.5
3.0
3.5
4.o
4.5
5.0
5.5
6.o
6.5
7.0
7.5
8.0
8.5
9.0
10.0
11.0
12.0
0.0
1.6
2.9
3.1
3.1
3.1
3.7
3.2
3.2
3.2
3.3
3.4
3.5
7.0
6.5
6,0
5.5
4.5
4.5
4.5
4.o
4.0
4.0
4.o
4.o
4.0
12.5
12.5
12.0
11.0
10.0
9.0
8.5
7.5
7.0
6.5
5.0
4.5
4.o
4.0
4.0
4.0
17.0
17.0
17.0
14.5
12.0
11.0
10.0
8.5
7.5
6.5
5.0
4.5
4.5
4.5
4.5
4.5
17.5
17.5
17.5
16.0
14.0
12.5
11.0
9.5
8.5
7.5
7.0
5.0
5.0
4.5
4.5
4.5
4.5
• 19.5
19.5
19.0
17.5
15.0
13.0
11.5
10.0
9.0
8.0
7.0
5.5
5.0
4.5
4.5
4.5
4.5
•4.5
20.0 220
20.0
19.0
18.0
17.0
14.0
12.0
10.5
9.5
8.0
7.0
'6.o
'5.5
5.0
4.5
4.5
4.5
4.5
20.0
19.0
17.5
16.0
15.5
15.0
12.5
10.5
9.0
7.5
7.0
6.o
6.0
5.0
5.0
5.0
.4.5
5.0
'4.5
4.5
26.0
25,5
23.5
23.0
22.5
20.0
17.5
160
140
12.0
10.0
8.5
7.5
6.5
6.0
5.5
5.5
5.5
5.5
5.0
5.0
5.0
23.0
23,0
22,0
21.5
18.0
16.5
14.5
12.0
9.5
8.5
7.5
6.5
6.0
6.0
5.5
5.5
5.0
5.0
5.0
5.0
TABLE 17: Continued;
Depth
Meters 8/1/68 8/16/68 M;'69 5/17/69 6/28/69
0,0
0.5
1.0
1.5
2,0
2,5
3,0
3.5
40
4,5
5.0
5.5
6.o
6.5
7.0
7.5
8,0
8.5
9.0
10.0
11.0
12,0
21.0 1900 6.5 14.1 22.5
19.0 6.5 14,1 21.0
6.5 12.5
12,4
6,5 12,0
809
6.5 5.5
5.0
6.5 5.0
4.8
6.5 4.5
4.5
6.5 4.5
6.5 4.5
6.5 4.5
5.0 4.5
5.0 4.5
4.5 4.5
20.5
22.0
19,0
19.0
18,0
14,0
11.5
10,5
10,0
8,0
7.0
6.5
6.0
5.5
5.5
5.0
5.0
5.0
5,0
19p5
19,0
18.5
18.0
14,0
13.0
10.5
9.5
8.0
7.0
6.5
6.0
5.5
5.0
5.0
5.0
5.0
5.0
20.0
19.5
19,0
17.0
14.0
11.0
8.5
7.5
6.5
6.o
6.0
5.5
5.0
5.0
5.0
5.0
5.0
5.0
TABLE 18: Squaw Lake: Oxygen determinations in p,p,m, in the protected area, 1968,
Depth Dates
meters 6/18/68 6/20/68 6/24/68 7/5/68 7/14/68 7/22/68 8/1/68 8/16/68 8/22/68 9/9/68
0
3
4.
6'
7
9'
10
11
12
8.5
8.25
8.00
10.45
9085
395
1.i0
0.00
0.00
7.80
7a0
7.80
7.70
9.65
9.00
6.15
3.05
2.50
2.15
0.95
0.75
0.00
8.32
8.21
7.56
7.24
9.94
10.91
6.59
2.16
2.05
0.97
0.65
0.43
0.00
8.25
8.14
8.19
8.05
7.28
9.33
5.55
0.91
0.41
0.23
0.00
0.00
0.00
7.23
7.05
6.69
6.87
7.19
8.33
4.78
0.68
0.18
0.09
0.00
0.00
0.00
6.14
6.14
6.78
5.69
5.64
7.42
1.23
0023
0,18
0.14
0,00
0.00
0,00
7.36
7.83
7.19
6.87
4.78
0.50
0,14
0.09
0.00
0.00
0.00
0.00
7.19
7.05
6.83
6.87
5.87
2.41
0.27
0.09
0.045
0.00
0.00
0.00
0.00
7.74
7.96
7.87
7.46
5.69
0.86
0.23
0.09
0.045
0.00
0.00
0.00
0.00
8.53
8.53
8.35
8.40
7.44
4.13
0.65
0.35
0.30
0.13
0.00
0.00
0.00
TABLE 18: Continued°
Depth Dates
Meters 9/16/68 10/5/68 10/10/68 11/14/68
6.70 7.05 7.87 8.65
1 7.87 7.95 7.87
2 7.92 7.05 7.87
3 6.00 7.05 7.87
6.05 7.05 7.87
5 5.09 7,05 7.87 8.65
6 2,35 6.46 7.87
0.31 0.91 7.87
0.17 0.05 0.23
9 0.008 0.00 0.00 8.65
10 0.00 0.00 0.00
11 0,00 0.00 0.00
12 0.00 0.00 0.00 8.65
1 1 7
TABLE 19: A checklist of the desmid taxa occurring
In the 10 lakes of the Itasca region
which were sampled for this study. If
a desmid occurs in a particular lake, it
is represented by an "X". The lakes
sampled are as follows: 1 North Twin;
2 Squaw; 3 Darling Pond; 4 Budd; 5 Deming;
6 Arco; 7 Josephine; 8 Mary; 9 Elk;
10 Itasca.
Desmid. Taxa Lakes Sampled
1 2 3 4 5 6 7 8 910
Closterium aciculare 
V. ibproni
C. acutum
Ce an$ustatum
C. Braunii
Co calLhl_q,
C. dianae
C. 22212112221E11
C. 022.211e
incurvum
Kutzingii
C. Leibleinii
C. libellula
C. lineatum
C. litorale
C. navicula 
C. R2IYRILID.
212,21222011
C. 2=3.
C. ralfsii X X X X X
C. setaceum XXX XXXXX
C. ELE1E2Enm xxxx
C. striolatum X . X .X XXXX
XXXXXXXXXXC. venus
Cosmarium amoenum
v. mediolaeve X X X X
Cane XXXXXXXXXX
C. allaillaam xxxxxxxxxx
C. bioculatum XXXXXXXXXX
C. bireme XXXXXXXXXX
C. bitrianzillum XXXXX X X X
C. Blytii XXXXX X. X X X
C. Botrytis XXXXXXXXXX
Cs. Botrytis v. sub-
tumidum
C. commisurale
XXXXXXXXXX
XXXXXXXXXX
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TABLE 19: Continued.
 4.1W 
Desmid Taxa Lakes Sampled
1 2 3 4 5 6 8 910
Cosmarium connatum XXXXX
C. contractum XXXXX
C. contractam
_v. elliDsoldeum XXXXX
C-* 122.12RELIE XXXXX
C. depressum
_v. minutem XXXXXXX
C. difficile XXXXXXX
C. difficile
....v. dilatatlim XXXXXXXXXX
C. elemn-fissimum X X
Z. eloisianum
-v. 12212Eall XXX X XXXX
C. furcatosDermum XXXXXXXXXX
Z. garrolense X X XXXXXXX
Z. gzanatum XXXXX XXXX
..o. humile XXXXXXXXXX
I T. 1112=11111.2 xxxxx xxxx
T. isthmium
_forma hibernica XXXXXXXXXX
C. maivaritatum XXXXXXXXXX
Zr. ELIE211:12Lall
_forma minor XXXXX XXXX
C. moniliforme XXXXXXXXXX
C. moniliforme
v.' limneticum X X X X
C. moniliforme
forma E2ElarifamisXXXXXXXXXX
C. ornatum XXXXXXXXXX
"a. ovale XXXXXXXXXX
C. Phaseolus V. minus X'XXXXXXXXX
T. 221-Llanam xxxxxxxxxx
Z. platmaLal x. xxxxxxxxx
T. m2almaaaLlaLm xxxxxxxxxx
-5. Dunctulatum.--. XXXXXXXXXX
-at Ea/EL.12-.12I121
v. fallamaLaLaltam xxxxxxxxxx
C.pctum xxxxxxxxxxs
"as allalEaLala xxxxxxxxxx
C. Ryadrifarius 
_v. hexaaicha XXXXX X
C.. regnelii X X
Z. regnesli X X
'E. reniforme XXXX
Z, retusiforme XXXX
X X
X X
X
XXX
XXXX
X XXX
X X
X X
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TABLE 19: Continued;
Desmid Taxa Lakes Sampled
2 3 4 5 6 8 910
Cosmarium retusum XXXXXXXXXX
C. subcrenatum XXXXXXXXXX
Z. subdeplanatum XXXXXXXXXX
C. subdepressum XXXX X X
-5. subtumidum XXXXXXXXXX
Z. taxichondrum XXXXXXXXXX
6. triplicatum XXXXXXXXXX
Z. Turpinii XXXX XXX
Desmidium aptogonum XXXXXXXXXX
D. Baileyi XXXXXXXXXX
Ii. Emyellii X X X X X
EL Swartzli XXXXXXXXXX
Ii. Swartsii 
v. amblyodon XXXX XX X X
D. quadrangulata X X
apnozyga moniliformis 
forma maxima XXXXXXXXXX
Hyalotheca dissiliensXXXXXXXXXX
H. mucosa XXXXXXXXXX
Netrium 11E1Illa X X X
Onychonema filiforme XXXXXXXXXX
0, laeve v. latum XXXXXXXXXX
0. laeve v, micra-
canthum X X X
Tetmemorus  ranu,Tatus X X X
apha212z2a2 excavatumXXXXXXXXXX
XXXXXXXXXXS. Emnp.latum
S a. X X X X X
apndylosium planum XXXXXXXXXX
S4 P.1112122M 
X X X
S. secedens X X X X X
Euastrum abruptum
_forma minus XXXX XXXX
E. affine XXXX XXXX
E. attenuatum XXXXX XXXX
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TABLE 19: Continued.
Desmid Taxa Lakes Sampled
1 2 3 4 5 6 7 8 9 lo
Euastrum bidentatum XXXX XXXX
E._ binale XXXXXXXXXX
E. binale v. minus XXXXXXXXXX
E... didelta X X. X X • X X
E4 divaricatum XXXX XXXX
E* 212EarlE xxxxxxxxxx. ....
E. 212Eana. '
_v. bidentatunl XXXXXXXXXX
E. elezantissimum X X •
E.'. isemmatum. XXXXXXXXXX
E. humerosum
_v. evolutum XXXXX X X X
E. insulare XXXXXX XXXX
E. Efctinatum
_Ire brachylobum X X X X X X X
E. sinuosum .
_v. reductum X X: X X X
E. verrucosum XXXXXXXXXX
Micrsterias apluil a
f. falmaa x 'X X X XXXXX
M. apiculata
v. fimbriata XXXX XXXXX
M. crux-militensis xxxx xxxx
R. furcatas X X
M. laticeRa XXXXXXXXXX
g. mahabuleshrensis X X
Pi. mahabuleshwarensis
ad formdichotoma xxxx xxxx
N. mahabuleshwarensis
forma dichotma XXXX X X X
M. mamillata X. X
M. pinnatifida XXXXXXXXXX
M. radiata . XXXXXXXXX X
M. radiosa vc ornata XXXXX XXXX
M. rotata XXXXX X X X
M. truncata X X X X X X
M. truncata
v. semiradiata XXXXXXXXXX
Pleurotaenium
.constrictum
P. Arenberrrii
P. Ehrenbergii
V. elonu.tum
X X •X
XXX X X X X X X
X XXX XX X X
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TABLE 19:• Continued.
Desmid Taxa Lakes Sampled
1 2 3 4 5 6 7 8 9 10
Pleurotaenium nodo sum X X X
P. trabecula XXXX
P. trabecula
v. rectum XXXXXXXXXX
P. trochiscum
wv, tuberculatum X X X
P. truncatum XXXX X X X
Staurastrum alternansXXXXXXXXXX
S. anatinum XXXXXXXXXX
L anatinum v, curtum X X X X
-S% anatinum
v. longibrachiatum XXXXX X X X
S. anatinum
ay. truncatum XXXXXXXXXX
S. ankyroides XXXXX X X X
E. arachnae XXXXXXXXXX
E. arctiscon XXXXXXXXXX
E. avicula
v. subarcuatum XXXXXXXXXX
S. boraa.211.1111 . X X X X X X
-S% brachiatum XXXXXXXXXX
E. Brebissonii
v. 122:2y1Epinum X X X X
S. breviaculeatum XXXXXX X X X
L Bullardii X X X X
-air. cinp?ilum X X X X X X X
L contectum XXXXXXXXXX
-§. cornutum XXXXXXXXXX
-§. crenulatum XXXXXXXXXX
L dilatatum XXXXXXXXXX
E. forficulatum X X X
L furcatum XXXXXXXXXX
-g0 furcatum
fo elefrantior . XXXXX XXXX
S. furcatum
vo Elalf2E12 XXXXX XXXX
3, furcatum
v. subsenarium X X X X XXXX
S. furcLE2Ilam• XXXXXXXXXX
T. furciltalm •
v. EDELEREEM
S. Eza2L-1.2L 1=2 V. nanum
X X X X X X X X X X
X XX X X X X X X X
X X X X X X X X X X
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TABLE 19: Continued.
• Desmid Taxa • Lakes Sampled
1 2 3 4 5 9 10
Staurastrum gyrans XXXX
S. urans f. quadrata X X X
S. hexacerum XXXXXXXXXX
S. inconspicuum XXXXXXXXXX
S. inflexum XXXXXXXXXX
S. iotanum •XXXXXXXXXX
S. Johnsonii XXXXXXXXXX
S. Johnsonii 
:sar. depatIperatum X X X X X
S. 12PIE2AELLIall x x x x • x
s. leptocladum XXXXXXXXXX
S. lunatum X X X
S. manfeldtii XXXXX XXXX
I. 11221.2111a2.21 1  XXXXXXXXXX
S. micron XXXXXXXXXX
S. micron
f. biradiata XXXXXXXXXX
S. muticum XXXXXXXXXX
S. natator XXXXXXXXXX
.g.L. ahill-M XXXXX XXX
X
S. pentacerum XXXXX XXX
S._pentaciadum X X
2. Pinaaa XX XX XX X
s. 2lan111211.9212 x x x x
s. RX2Lq.ELE2 XXXXXXXXX
X
s. RE2215122212EilanE X X X X
S. quadrangulare
_17.  armatum X X X X
S. anablaastn22 xxxxxxx
S. Ravenelii XXXXXXX
S. Rotula XXXXX x
s. rugulosum XXXXX XX
s. Sebaldi XXXXX X
'E. setip-erum XXXXX
S. simonyi % XXXXXXX
s. al2211f2ERM XXXXX
S. sublaevispinum XXXXXXX
S. tetracerum • XXXXXXX
S. 1921210221221z2n22
•v. nonanum
S.. trifurcatum
S. vestitum
XXXXX
XX XX
XXXXXXX
XX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XX
XX
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TABLE 19: Continued.
Desmid Taxa Lakes Sampled
1 2 3 4 5 8 910
Arthrodesmus 
octocornis
Staurodesmus
_brevispinus
S. Bulnheimii 
S. Bulnheimil
v. subincus
S. clepsydra
S. connatus 
S. converEens 
S. cuspidatus
S. cusyidatus 
V. canadense
S. 222211211 E
V. curvatus
S. cusyidatus 
divergens
S. curvatus
S. delectus
S. 12122 1g.
“v.piculatus
S. Dickiei
S. Dickiei
v. circular's XXXXXXXXXX
S. Dickiei
_v. maximus XXXXXXXXXX
S. Dickiei 
v. rhomboideus XXXXXXXXXX
S. extensus XXXXXXXX
S. Elaber X X
S. E12222E Fades 2 X X
S. Empdis XXXXX XXX
S. grandis v. mang. XXXXXX X X x
S. isthmosus XXXX
S. mamillatus XXXXXXXXXX
S. michiganensis xxxxxxxxxx
S. patmE v. maximus XXXXX XXXX
S. 22sitatynchus
vc .92Ey2s,E2ns XXXXXXXXXX
so P11111.12 X
XXXXX
S. subtriangularis
v7—YHfiatus
S. subulatus 
X X X X X XX X X
XXXXXXXXXX
X X X XXX X
XXX X XXX
XXXXXXXX
XXX X
X X X X X XXX
XXXXXXXXXX
XXXXXXXXXX
XXX X XXX
XXX XX XXX
X X X x XXX X
XXXXXX XXX X
XXX X X XXXX X
XXXXXXXXXX
X X X X X X X X
X X X X X X X
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TABLE 19: Continued.
Desmid Taxa Lakes Sampled
1 2 3 4 5 6 7 8 9 10
Xanthidium antilopaeum X X
Xanthidium antilopaeum
_v. hebridarum XXXX XXXX
X. antilopaeum
v. minneapoliense X X
X. antiloDaeum
_v. polymazum XXXXXXXXXX
X. cristatum XXXXXXXXXX
X. cristatum
V. uncinatum
X. P.22212122.120411221
subhastiferum
Y. sp.
X X X XX X X x.
X X
X X X X X XXX X X
X X
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TABLE 20: A summary of Table 19; Appendix: The
total number of desmid taxa in ten lakes
of the Itasca region.
Genus Lakes *
3 4 5 6 7 9 10
Closterium 23
Cosmarium 53
misc. ** 20
Euastrum 18
Micrasterias 15
Pleurotaenium 8
Staurastrum 66
Staurodesmus 31
9Xanthidium
TOTALS
23 21 15 16 14 20 20 15 18
53 48 47 46 40 48 49 46 48
20 17 13 11 13 14 12 13 15
18 15 17 11 8 15 16 16 16
15 11 12 7 6 10 11 11 12
8 5 8 2 2 2 4 4 4
66 52 56 61 38 47 52 52 55
31 28 26 27 17 20 27 24 26
9 5 6 5 3 5 7 4 7
243 243 202 200 186 141 181 198 185 201
* Lakes: 1 North Twin
2 Squaw.
3 Darling
4 Budd
5 Deming
6 Arco
Josephine
8 Mary
'9 Elk
10 Itasca
** Misc. represents the sum of the following genera:
Desmidium, aymnozyga, Hyalotheca, Netrium, Oucho-
nema, Tetmemorus, Sphaerozosma, Spinoclosterium,
and amaaslaLlal.
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TABLE 21: The relative frequency of occurrence of
desmids in eight lakes of the Itasca
region as calculated from selected
samples.
The genus Closterium
1 
Lakes *
1.1. 5
species
aciculare V.
subpronum
Braunii
dianae
Ehrenber5.ii 
gracile 
incurvum 
EnzlnEll
Leibleinii
libellula
littorale
navicula
Rarvulum
praelon5um
REDEP
ralfsii 
ELI:1E2E1 M
striolatum
venus
0.2 0.8
(42
0.2 0.2 2.8
0.2 0.6
0.2 0.2
0.2
0.4 0.4 3.6
0.4 0.2 0.6
0.2
0.2 1.4 7.0
0;,2
0.2
0.2
0,2
0.2 1.0
1.0
1.0
0,8 0.8
0.2
0.4 2.4 1.4
1.0
0.4 1.6 20,0 1.6
0.4 1.0
0.6
* I North Twin
2 Squaw
3 Darling
4 Budd
5 Deming
6 Arco
7 Josephine
8 Mary
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TABLE 21: Continued
• The genus Cosmarium Lakes*
1 2 3 4 5 6 7 8
species
_
auulare 1.4 o.4 0.8 4.o 1.0 18.6
angulosum 35.6 1.8 1.8 1.6 11.6 8.8 1.8
bioculatum 3.0 10.6 2.4 1.6 6.o 7.2 3.0 2.0
bireme 0.4 0.2 16
bitriangulum 0.2 0.2 0:4
Bly*tii 0;2 0.2
Botrytis 0:8 0.8 0.4 0.2
Botrvtis v.
subtumidum 0.4 04 2.4 2.0 1;0
commissurale • 0.2 0.2
connatum 0.2 0.6 o.6 12 3.2 1.0
contractum .0.8 0.4
contractum
 
V.
21112E2142RE 1.2
depressum 0.2 1.4 2.4 2.0 8.6
d...;_e_pmf.ELIE V.
mdnutem 0.6 3.6 8.8
difficile 0.8 0;2 0.6 0.8
difficile V.
dilatatum •0.2 o.4 1.0
furcatosiDermum 2.0 3.2 0;2 2.8
garrolense 0.2
Empatum 0.4 0.4 0.2
humile 0.2 0.8 0.8
imoressulum 3.2 ow4
isthmium f.
hibernica 0.4 0.2 o.6 0.8 0.8 0;8
11-nr-EAKUP: 1.2 0.8 1.2 0.8 3.0
marEaritatum V.
minor
1 North Twin
2 Squaw
Darling
4 Budd
5 Deming
6 Arco
7 Josephine
8 Mary
0.2 0.2 0.4 2.4
1 2 8
TABLE 21: Continued.
.11.0mmio
.The genus Cosmarium Continued. Lakes*
1 2 3 4 5
species
moniliforme
 
 
v;
/lime-tic=
mon.1.11forme v.
0.6 0.4 0.8 1.2 0.8 1.0 1.2
0.13 0.8
panduriformis 0.4 0,2 1.0
ornatum *0.4 ask 1.4 1.6
ovale 0:2 2.2 0.8
Phaseolus V.
minus, 042 (44 2..4 24 06.
portianum 40 06. 2.0 20 2.4 12.0 0.6
plyimyeuEi-. 1;0 0.2
2..._............a..seudoyriamum 2.6 1.2
 0.4 0.4
2.122.1212Lilm 1.0 1.0.8 2..0 6.0
 3.2 20.2
punctulatum V.
E221122E.U.112,112m 2- -2 04.8 1.6 0.8
 2.0 2E3
amEllaE 048 04
aa,..Q1r..E......_tto __um oLp
amvAxillazIllalr
hexasticha 0.2 - 0;.4
2:2Enelii 0.6
rePmesii 0.2 0,2
reniforme 0.2 0.8 2.0 0
.4 8.8 80 5.2
retusiforme 0.2 0.2 1.6
 0.8
retusum 0.2 
0:2
subcrenatum 048 0.-8
 o.4
a/IEILa2ELP_IIII 1;8 19.-0 
0,8. 4.4
subtumidum. 0.6 0.4 
oLl,
taxichondrum 0..6 0. 2 (46
triplicatum 02
Turpinii 0.2
-
0.6
0.8 1.0 1.2
2.4 1.0
4.4
1.0
1 North Twin
2 Squaw
Darling
4 Budd
5 Deming
6 Arco
7 Josephine
8 Mary
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TABLE 21: Continued,
Genera: Desmidium
Eua strum 
Gymnozyga
Hypaotheca
1
011.-
3
Lakes *
6 8
Desmidium 
aptogonum
Baileyi
Grevellii 
Swartzii 
Euastrum
upjun f.
0.4
0.4 0.6
0.8
o.4 0.4
minus 0.2 002
affine 0.4 o.4
attenuatum 002
bidentatum 0,2
binale 306 102 0.6
binale v,
minor 0.8
didelta 0,2
divaricatum 0.2 0,6
ele5ans v 0,4 1.8
. elegans v.
bidentatum
Ese11-2.—natu.21- • 0.
6
insulare 0,4 1.6
ec-k......111.La.:t22m v,
brachylobum 0.2
sinuosum 0,2
verrucosum 0,6
GIrm112EYE2
moniliforme v.
maximum
1112121h2.9.2
dissiliens
02 0.2
0.6
N. •
11,
0.6
2.0
1.2
4.0 5.2
0,8
0.2
1 North Twin
2 Squaw
3 Darling
4 Budd
5 Deming
6 Arco
7 Josephine
8 Mary
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TABLE 21: Continued&
111E.11=1.11•11111. 
 ANEW 
Genera: Micrasterias 
Onychonema 
Pleurotaenium
Sphaerozosma 
Spondylosium 
1
Lakes *
8
111111=11.1•11MM, 
 ...1.1.1.11=1111.111.11111.
4.111111111.,
Micrasterias 
aApulatus V.
fimbriata
apiculatus V.
spinosa 0.2
laticeps 0.2 0.4
mahabuleshwar-
ensis f.
dichotoma 0.2
0.4
radiata 0.2
radiosa V.
ornata 0.2 0.6
truncata 0.2
truncata V.
semiradiata 0.2
Onvchonema
filiforme
laeve V.
latum
0.2 0.2
3.2 1.0
1.4
Pleurotaenium
Ehrenbergii 0.2 0.2 0.4
Ehrenbergii V.
elongatum 0.4
trabecula V.
rectum o.4 0.4
truncatum 0.2 0.2 0.8
Sphaerozosma
excavatum
3.2 3.0
2.0
0.6 0.2 o.6 1.6
1 North Twin
2 Squaw
3 Darling
4 Budd
0.2 0.2
5 Deming
6 Arco
7 Josephine
8 Mary
1 . 6
0.2
o.4
0.2
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TABLE 21: Continued.
 AMININNIMIIMMINONM
• The genus Staurastrum
species 1 2
Lakes *
4 5
alt ernans
anatinum
anatinum
 
V.
longibrachiatum
anatinum v.
truncatum 0.6 0.2 1,4 0.8
arachnae 0.4
arctiscon 0.2 0.8
avicula
 
V.
subarcuatum 0.2
brachiatum 0.4
breviaculeatum 0.2 0.4 0.2
Bullardii 0.2
connectum
cornutum 0.6
crenulatum 0.4 2.8
dilatatum 0.6 0.2
furcatum 0.2 2.4
furcatum f.
elfEanL12E 0.6 1.0
furcatum v.
plEpiforme 0.2
furcigerum 0.2 o.4
furclE231111 v.
armigerum
522%2112
zracile v,
nanum
alana
hexacerum
inconspicuum
7.4 1.0
0.2 0.4
.8
0.4
o.4
o.
1.6 1.6
1.0 1.0
0 . 8
0.8
1.0
0,6
o.
2.0
0.8 0.4 3.0 2.0 2.6
2.6 0.2 4.2 4.0 3,2 6.4 2.0 4.o
0.2
o.4
0.2 • 0 . 2
1 North Twin
2 Squaw
3 Darling
4 Budd
5 Deming
6 Arco
7 Josephine
8 Mary
13.2
TABLE 21: Continued.
The genus Staurastrum continued. Lakes *
1 2 3 4 5
inflexum 
iotanum
Johnsonii
leptocladum 0,4
manfeldtii 
Plaa2.111222,1221
micron 
micron fades
biradiata 0.2 1.0
muticum 0.8 0.4 4.0 1.0 0.2
natator 1.6
ophiura 0.2 0.2
pentacerum 0.2
protectum 0.4
pseudopelazicum 0.2 0.4 .
quebescense 0.6
raveneIii 0.2 0.8
rotula 0.2
rual1211111 1.6 0.2 0.2 0,8
setip,;erum 0.2
simonyi 0.2
spiculiferum 0.2 0.4
sublaevispinum , 7.6
tetracerum 1.6 5.6 4.8 16.4 1.o
trifurcatum 0.2
vestitum o.6
*
(0.2
0.6
1 North Twin
2 Squaw
3 Darling
4 Budd
5 Deming
6 Arco
7 Josephine
8 Mary
0.4
1.6
8.0
o.4
o.4
1.2
1.4
2.4
2.0
1.2
0.8
o.4 0.8 1.0
o.4
0.2
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TABLE 21: Continued.
.Genera: Arthrodesmus Lakes *
Staurodesmus
1. 2 3 4 5
Arthrodesmus 
octocornis 0.2
Staurodesmus 
brevispinus 0.2
Bulnheimii 0.2
Buinheimii v.
subincus 0.4
clepsydra . 0.4
convergens 0,8
0.4 1.0
cusyidatus V.
canadense 
cusDidatus V.
curvatus
911ER4IaLnE V.
A.,21Y2.1:52.12E
d...S.,12.2L021 0.4
dejectus V.
22.1culatus 
Dickiei 0.2
Dickiei V.
circularis 0.6
Dicklei-v,
maximus 
Dickiei v.
rhomboideus 0.2
extensus 0,2 0.2
EI2Pais 0,6
grandis V.
parvus
isthmosus
mamillatus 0.6
mic1i1E5anensis - 0.4 o.4
0.2
0.2
0.2
0.2
o.6
0.2
1.8
o.4
1.6
0.2
0.2
200 1:6 1.0
1.6 3.6 • 5.0 0.2
0.8 2.0
4.0 2.4
• 0.8 2.4 1.0
o.4
0.8
72.8
0.8
1,6
0.8 3.0
0.4
1 North Twin
2 Squaw
Darling
4 Budd
5 Deming
6 Arco
7 Josephine
8 Mary
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TABLE 21: Continued.
. Genera: Staurodesmus cont
inued.
Xanthidium Lakes *
1. 2 3 4 5 6
Staurodesmus 
p_a_L2Limh....m2/21Ls v.
convergens 1.0 1.2 2.2
patens v.
maximus 0:2 0.2
phimus 0.2 0.4
AplolIlanallaLlE
v. inflatus 0.2
subulatus 0.2
Xanthidium
antilopaeum V.
hebridarum
antilopaeum V.
minneapo-
liense 
antilopaeum v.
2221E2a11in
cristatum
cristatum v0
uncinatum
subhastiferum
• 0.2
o.4 0.4
0.2 0.6 0.4
0,2
o.4
0.2 0.6 0.2
1.6 3.0
o.4 1.0
* North Twin
2 Squaw
3 Darling
4 Budd
5 Deming
6 Arco
7 Josephine
8 Mary
TABLE 2.2: Squaw Lake: Desmid counts from the open area. 1967; 1968, and 1969.
The figures are the number of desmids in 10 ml, lake water.
Depth 1967 Dates 1968
Meters 7/22 7/28 8/4 9/5 9/14 9/21 10/10 11/11 3/16 4/21 5/28 6/14 6/24 7/5
o 8 7 $ 3 o o 2 0 0 0 0 0 1 1
1 10 3 6 o 1 0 2 0 0 0 1 1 0 1
2 8 5 5 1 2 0 1 0 0 0 0 0 o 3
3 12 5 8 1 0 0 1 0 0 0 0 3 o 3
4 12 . 3 2 1 0 0 0 0 0 0 0 2 1 8
5 8 14 12 1 1 0 0 0 0 0 1 2 3 1
6 14 13 4 1 1 0 2 0 0 0 0 4 o o
7 5 5 9 1 0 1 o o o o o 1 1 o
8 3 5 5 3 2 0 1 0 0 0 0 2 0 0
9 3 5 1 o o o 1 0 o o o 1 1 1
10 2 0 0 2 1 0 1 0 0 0 0 2 1 1
11 o 3 4 0 3 0 0 0 0 0 0 0 2 0
12 3 3 2 0 1 0 1 0 0 0 0 1 1 0
15 1 2 2 0 0 0 0 0 0 0 0 0 0
20 1 2 1 0 0 0 0 0 0 0 0 0 0 0
TOTALS 90 75 66 14 12 1 12 0 0 0 2 19 11 19
TABLE 22: Continued.
Depth 1968 Dates 1969
Meters 7/14 7/22 10/5 4/27 5/17 6/28
 8/18
0 0 1 0 0 0 1 
16
1 0 8 
, 1 0 0 0 9
2 3 5 3 o 0 o 11
3 5 4 0 o o 
4 15
4 2 6 o 0 o 1 11
5 8 6 o 1 o o
 11
6 3 6 0 o o o 8
7 2 2 0 0 0 
0 5
8 1 0 0 0 0 0
 3
9 o 0 o o o 
0 1
10 2 0 0 0 0 
0 0
11 1 0 0 0 0 
0 0
12 0 0 0 0 0 
0 0
15 0 0 0 0 0 
0 0
20 0 0 0 0 0 
0 0
Totals 27 38 4 1 o 6 9
0
TABLE 23: Squaw Lake: Desmid counts from the protect
ed area The figures amthe
number of desmids in 10 milliliters of lake water, (1967, 1968, and 1
969),
Depth
Meters 7/22 7/28 8/4 9/5 9/14 9/21 10/10 11/11 3/16 4/21 5/28 6/14 6/24 7/
51967 Dates 19
68
0 2 0 0 0 0 0 1 0 0 0 0 1
 1 0
1 0 o 3 2 0 0 0 0 0 0 2 1 0 1
2 0 2 1 2 1 2 0 0 0 0 0 1 3 1
3 o 0 2 1 0 0 0 0 .0 0 0
 0 4 3
4 1 o 1 0 0 2 0 0 0 0 0 1 
0 0
5 0 1 2 1 0 0 0 0 0 0 
0 1 0 1
6 1 0 0 o 2 0 3 0 o 0 0 2 2
 0
7 o o o 0 2 0 1 0 0 0 
0 2 2 0
8 0 0 o 0 o 0 o o 0 o o 1 0 
1
9 o 0 0 0 0 o 1 0 o 
0 0 o 0 0
10 o o 0 o o o o o 0 o 0 0
 o o
11 o 0 0 o 0 o 0 0 0 0 0 
0 0 0
12 0 0 0 0 0 0 0 0 0 0
 0 1 0 0
Totals 4 3 9 6 5 6 0 0 1 2 11 
12 7
TABLE ?3: Continued,
Depth 1968 Dates 1969
Meters 7/14 7/22 10/5 4/27 5/17 6/28 8/18
NM. 
o 3 o o o 0 1 o
1 1 o ,o 0 o 3 0
•2 0 1 0 1 0 0 0
3 4 1 o 1 0 0 o
4 1 o 0 0 0 o 1
5 a 0 o 0 o o o
6 1 o o o 0 0 o
7 0 o 0 0 o 0 1
8 0 0 0 0 1 0 0
9 o 0 o o 1 0 o
lo 0 o o o o o o
11 o 0 0 o o o 0
12 0 0 0 0 0 2 0
Totals 10 2 0 2 2 6 2
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TABLE 24: Squaw Lake: Desmid counts from sampling
site # 3 during 1967 and 1968. The fi-
gures are the total number of desmids in
10 milliliters of lake water.
Depth 1967 Dates 1968
Meters 7/23 7/28 8/4 9/5 9/14 9/21 10/10 6/14
0
1 0
3
3
4. 1
0
1
Totals
0 1 1 0
1 1 1 1
1 3 3 1
3 2 0
0 3 1 1
0 0 0 2 0
1 0
11
2
1
1
0 1
0 2
0 0
* Bottom
TABLE 25: North Twin Lake: Desmid counts from the deeper area of the lake. 1967, 1968,
and 1969. The figures are the number of desmids in 10 milliliters of lake water.
Dates
Depth 1967
Meters 8/8 8/25 9/1 9/8 9/15 9/22 10/9 3/16 5/11 5/26 6/14 6/26 7/4 7/13 7/20
1968
0 1 0 2 ' 0 1 0 2 0 0 0 0 0 1 0 1
1 0 0 0 0 0 0 0 0 0 0 2 0 1 0 1
2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2
3 0 0 o o 0 o 1 o o 1 0 2 2 0 24 0 1 o o 1 0 o o o o 1 o 0 1 1
5 o 1 1 1 2 0 0 0 0 0 0 0 1 1 16 o 0 1 2 0 0 0 0 0 1 0 1 0 1 0
7 o o o 3 o o
8 o 0 0 0 o o
9 o o o o o 0
10 o 0 0 o 1 0
11 0 0 0 0 0 0
12 0 0 .0 0 0 0
Totals 1 2 4 6 6 o
0 0 0 0 0 0 0 1 • 0
1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 2 3 3 8
TABLE 2 Continued,
Depth Dates 1969
Meters 4/27 5/27 6/20 7/1 8/15 9/8
o 0 0 0 ' 0 0 0
1 0 0 0 0 0 0
2 0 0 0 0 1 0
3 0 0 0 0 0 1
4 0 0 0 3 1 1
5 0 0 0 0 0 
o
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0
9 0 0 0 0 0 0
10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 0 0 0 0 0 0
Totals 0 0 0 3 2 2
TABLE 26: North Twin Lake: Desmid counts from the Northeast area of the lake, 1967, 1968,
and 1969. The figures are the number of desmids in 10 ml, of lake water.
Depth 1967 Dates 1968
Meters 8/8 8/25 9/1 9/8 9/15 9/22 10/9 3/16 5/11 5/26 6/14 6/26 7/4 7/13 7/20
o 2 2 3 ' 1 o 2 0 0 1 o o 2 1 0 0
1 8 4 5 2 0 3 2 0 o 3 o 0 2 0 o
2 2 4 4 0 0 0 0 0 2 o o 3 3 o 1
3 2 4 4 4 o o 0 0 1 2 o 1 1 o 1
4 1 7 8 2 1 o 1 o o 1 o o 1 2 o
5 o 4 5 2 0 1 1 o 1 1 1 1 2 1 0
6 1 1 2 0 0 1 0 0 1 o o o o 1 0
Totals 16 26 31 11 1 7 4 0 6 7 1 7 10 4 2
TABLE 26: Continued,'
 arvarimmilib
Depth Dates 1969
Meters 4/27 5/27 6/20 7/1 8/15 9/8
0 o 0 0 0 0 1
1 o 0 1 1 2 3
2 o 1 2 3 4 3
3 0 0 0 3 2 4
4 0 0 1 ? 3 2
5 0 0 0 0 1 2
6 o o o 1 0 2
Totals 0 1 4 10 12 17
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TABLE 27: North Twin Lake: Desmid counts from sam-
pling site # 1 during 1967 and 1968. The
figures are the total number of desmids in
10 milliliters of lake water.
Depth 1967 Dates 1968
Meters 8/8 8/25 9/1 9/8 9/15 9/22 10/9 3/16 5/11
0 1 0 0 0 0 0 0 0 0
1 0 0 0 0 0 1 0 0 0
2 0 1 0 1 1 0 0 0 0
0 0
3 
0 1 0
0 0 
0 1
0 
0 0
0 0 0 0 0
5 o 1 0 o o 0 o o o
6 o 2 0 I 0 0 1 0 0
7 0 0 0 0 0 0 1 0 0
8 0 0 1 0 0 0 2 0 0
9 0 0 1 0 0 0 0 0 0
10 0 * * * * * * 0 *
Totals 1 7 2 3 1 1 5 o o
* Bottom
TABLE 28: North Twin Lake: Desmid counts from sam-
pling site # 3 during 1967. The figures
are the total number of desmids in 10
milliliters of lake water.
Depth Dates
Meters 8/25/67 9/1/67 9/8/67 9/15/67 9/22/67 10/9/67
0
1
2 1
3
2
6 0
1
8 2
10 0
Totals 7
0 1 0
0 1 0
0 1 0
2 0
2
2
0
0 0
6
0
0
0
3
1
0
0
1 0
0 2
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TABLE 29: North Twin Lake: Desmid counts from sam-
pling site # 4 during 1967. The.figures
are the total number of desmids in 10
milliliters of lake waters
Depth Dates
Meters 8/25/67 9/1/67 9/8/67 9/15/67,9/22/67 10/9/67
 ...M111111110.11•1. 
1 1
2 1
2
6 2
7
8
3 o 0
1 0 o
2 1 0
1 1 0
1 0 1
0 1 1
1 0 0
0 0 o
1 0 o
0 0
0 0
1 0
1 0
0
1
0
o 0
Totals 7 10 3 2 2
TABLE : North Twin Lake: Desmid counts from san-
piing site # 5 during 1967. The figures
are the total number of desmids in 10
milliliters of lake water.
1111.111MW 
Depth Dates
Meters 8/25/67 9/1/67 9/8/67 9/15/67 9/22/67 10/9/67
0 1 3 0
1 4 3 7
2 3 3 2
3 8 1 1
14, 4 1 0
5 7 2 1
6 0 2 1
7 1 0 0
Totals 28 15 12
0 0 0
3 0 0
0 0 1
0 0 0
0 0 0
1 0 0
2 0 1
1 0 0
0 2
